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LETTER  OF  TRANSMITTAL. 

War  Department, 
WdsJbington,  December  Hj  1916. 

Sir:  I  have  the  honor  to  transmit  herewith  the  report  of  the  com- 
manding officer  of  Watertown  Arsenal  of  "tests  of  iron  and  steel 
and  other  materials  for  industrial  purposes"  made  at  that  arsenal 
during  the  fiscal  year  ended  June  30,  1916,  submitted  by  the  Chief 
of  Ordnance,  United  States  Army,  for  transmission  to  Congress  as 
required  by  law. 

Very  respectfully, 

LiNDLEY  M.  Garrison, 

Secretary  of  War. 

The  Speaker  of  the  House  of  Representatives. 
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Watertown  Arsenal, 
Watertownf  Mass.,  October  19, 1915. 

From:  Commanding  Officer,  Watertown  Arsenal. 
To:  Chief  of  Ordnance,  United  States  Army,  Washington,  D.  C. 
Subject:  Annual  report  of  Tests  of  Metals,  etc.,  for  year  ending 
June  30,  1916. 

1.  The  annual  report  of  tests  of  iron,  steel,  and  other  materials, 
made  at  this  arsenal  during  the  fiscsJ  year  ending  June  30,  1915,  is 
submitted  herewith. 

2.  The  total  number  of  specimens  tested  during  the  year  was  5,233, 
classified  as  follows: 

Far  Ordnance  Department 4,718 

Other  Government  deportments 20 

Private  testa. 496 

Total \ 5,233 

3.  The  receipts  and  expenditures  were  as  follows: 

Amount  aUotted  for  testing  machines  and  testing  work 116, 046. 86 

Received  from  private  tests ^ 770.76 

Total  received 16, 816. 61 

Amount  expended  for  services  and  labor 11, 692. 03 

Amount  expended  for  Ught,  power,  tools,  implements,  and  material  for 
test 4,224.68 

Total  expended 1    16,816.61 

4.  The  equipment  of  the  laboratory  has  been  increased  by  the  pxuv 
chase  of  the  following  apparatus: 

One  Le  Chatalier^ladin  autographic  pyrometric  recorder  for 
photographically  recording  the  temperature  of  transformations  in 
metal. 

One  Gaede  high  vacuum  mercury  pump. 

Three  apochromatic  objectives  for  Leitz  micrometallograph. 

One  adjustable  portrait  camera  stand. 

One  professional  printing  machine. 

Onepower  hack-saw. 

5.  Tne  work  of  the  laboratory  may  be  divided  into  four  classes: 
(1)  Routine,  (2)  investigative,  (3)  research,  (4)  private. 

The  routine  tests  include  such  as  are  incidental  to  the  operation 
of  the  arsenal,  and  include  numerous  tests  on  steel,  cast-iron,  bronze, 
rope,  wood,  cnain,  rubber,  and  proof  stressing  of  gun  carriage  parts. 
Investigative  tests  include  examination  into  the  causes  of  defective 
material,  and  investigations  for  the  improvement  of  ordnance  mate- 
rial, the  results  of  which  have  an  immediate  application.  Research 
tests,  on  the  other  hand,  are  such  tests  as  have  no  immediate  con- 

1 


2  LETTEB   OF    SUBMITTAL. 

Crete  application,  but  improve  our  knowledge  of  the  art  and  science  of 
metallurgy,  and  furnish  unportant  and  vamable  data  for  future  use. 
Private  tests  include  all  testing  done  for  commercial  concerns. 

6.  During  the  past  year  a  greater  number  than  usual  of  investiga- 
tive and  research  tests  have  been  completed,  and  it  is  believed  that 
this  report  is  especially  interesting  for  that  reason. 

7.  A  pamphlet  on  the  microscopic  examination  of  steel  was  pre- 
pared for  the  use  of  inspectors  of  ordnance.  The  specifications  for  gun 
carriages  and  for  oils  were  also  revised  during  the  year. 

C.  B.  Wheeler, 
Colonel,  Ordnance  DepartmerU,  Commanding, 
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SHRAPNEL  CASES. 


ETDSOSTATTC  TESTS  OF  27  SHSAPVEL  CASES   FOB 

FBAHKFOSD  ABSEVAI. 

These  shrapnel  cases  were  received  from  Frankford  Arsenal  and 
were  manuf actiu*ed  from  heat  treated  bar  stock  purchased  by  that 
arsenal.  They  represent  material  from  which  snrapnel  cases  that 
passed  the  prescribed  ballistic  tests  were  made. 

These  cases  were  aU  tested  by  internal  hydrostatic  pressure  by 
means  of  the  fixture  shown  on  this  page. 

TESTING  ATTACHMENt. 


Shrapnel  Ca<4. 


length  or  €«••  or  reduced 
ihiekntss  of  wallt. 
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SHRAPNEL  GASES.  9 

FIB8T  CA8B.— 2.05-INGH  SHRAPNEL  CA8B  A-1. 

ChenUcdl  arudygis, 

C 0.546 

Mn 76 

Si 072 

S 026 

P 027 

Ni 1.15 

Case  etched  with  iodine. 

Short  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.92  inches. 

Inside  diameter  of  case,  2.62  inches. 

Length  of  threaded  section  at  top.  0.50  inches. 

Bored  out  for  a  len^h  of  5.10  incnes. 

Depth  inside,  6.82  mches. 

Length  over  aU,  outside,  7.15  inches. 

Length  from  top  to  top  ed^e  of  band  groove,  5.40  inches. 

Case  entered  testing  cylini&r  1^  inches,  leaving  3.60  inches  length 
of  reduced  thichiess  of  walls  exposed  to  the  mterior  pressure  of 
the  test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

lUmarks. 

Total 
pounds 

on 
piston. 

Interior 

pressnre 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

Indi). 

77,100 

14,300 

125,000 

Ultimate  strength. 

Longitudinal  rupture.    Fracture  started  at  a  silky  spot  near  the 
middle  of  case. 
There  were  a  few  inteihal  streaks  visible  in  fracture. 
Appearance  of  fracture,  fine  granular. 
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8HBAPNEL  GASES. 


SECOND  CA8B.--2.96-IN0H  SHRAPNEL  CASE  A-2. 

(Chemical  analyds,  see  Case  A-1.) 

Case  etched  with  iodine.  ^ 

Short  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.92  inches. 

Inside  diameter  of  case,  2.62  inches. 

Length  of  threaded  section  at  top,  0.55  inch. 

Borra  out  for  length  of  5.10  inches. 

Depth  inside,  6.83  inches. 

LengUi  over  all  outside,  7.16  inches. 

Length  from  top  to  top  edge  of  band  groove,  5.38  inches. 

Case  entered  testing  cylinder  1^  inches,  leaving  3.60  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Ramarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

In^). 

66,200 

12,280 

107,100 

Ultimate  strength. 

Longitudinal  rupture.  Fracture  started  at  a  lamellar  streak  a 
little  below  the  middle  of  case,  extending  down  and  partly  through 
ike  base.    Case  shows  a  little  ductility. 

Appearance  of  fracture,  silky  and  fine  granular. 


2.95-INCH   SHRAPNEL  CASE  MADE  FROM   BAR 


2.9S-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK.     NO.  , 


2.95-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK.     NO.  A-Z. 


H   SHRAPNEL  CASE  h 


^DE  FROM   BAR  STOCK.     NO.  I 


SHRAPNEL  CASES. 
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THIBD  CASE .—2 .96-INCH  SHRAPNEL  CASE  A-3. 

(Chemical  analysis,  see  Case  A-1.) 

Case  etched  with  iodine. 

Short  Streaks  visible  in  case  before  testing. 

Outside  diameter  of  case^  2.92  inches. 

Inside  diametei^of  case,  2.62  inches. 

Length  of  threaded  section  at  top,  0.55  inch. 

Bor^  out  for  a  length  of  5.10  inches. 

Depth  inside,  6.85  inches. 

Length  over  all  outside,  7.16  inches. 

Length  from  top  to  top  edge  of  band  groove,  5.40  inches. 

Case  entered  testing  cylincTer  1^  inches,  leaving  3.60  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
poondB 

on 
pistoD. 

Interior 

pressure 

(pounds 

per  square 

lTU4l). 

Fiber 
stress  on 

case 

(pounds 

per  square 

Inch). 

1 

84,800 

15,680 

136,900 

Ultimate  strength. 

Longitudinal  rapture.    Fracture  started   at  a  little  above  the 
middle  of  case,  extending  down  and  partly  through  the  base. 
Appearance  of  fracture,  silky  and  mie  granular. 
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SHBAPNEL  GASES. 


VOT7BTH  CASB.— 8-INOH  SHBAPNBL  OASB  A-4. 

Chemical  analynB, 

0 0.426 

Mn 71 

Si 181 

S Oil 

P ^ 025 

m.\ 1.20 

Cr 74 

Case  etched  with  iodine. 

Short  streaks  were  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2^3  inches. 

Length  of  threaded  section  at  top :    Not  threaded. 

Borra  out  for  a  length  of  5.53  inches. 

Depth  inside,  7.00  inches. 

Length  over  all  outside,  7.40  inches. 

Length  from  top  to  top  ed^e  of  band  sroove,  5.63  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.53  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

BcnurtB. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

88>400 

16»400 

127,040 

Longitudinal  rupture. 

Fracture  started  a  little  above  the  middle  of  case. 
No  streaira  or  seams  visible  in  fracture. 
Appearance  of  fracture,  silky  and  lamellar. 

Small  check  developed  in  case  If  inches  from  top  and  ^  inch  from 
fracture. 


H   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK. 


S.9S-INCH   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.  A-]. 


i   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


.HRAPNEL  CASe  MADE   FROM   BAR  STOCK. 


SHRAPNEL  CASES. 
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FIFTH  CASE.— d-UIGH  SHRAPNEL  CASE  A-6. 

(Chemical  analysifly  see  Case  A'-4.) 

Case  etched  with  iodine. 

Short  streaks  were  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside^diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  lenjgth  of  5.54  inches. 

Depth  inside,  7.04  inches. 

Lengtii  over  all  outside,  7.41  inches. 

LcE^th  from  top  to  top  edge  of  band  groove,  5.66  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.54  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressiure  of 
the  test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

indi). 

«>,aoo 

16,763 

139,775 

Ultimate  strength. 

Longitudinal  rupture. 
BVacture  starte(I  near  the  top  of  case. 
Short  streak  visible  in  fracture. 
Appearance  of  fracture,  silky  and  lamellar. 

42461**— 17 2 
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SHRAPNEL  GASES. 


SIXTH  CASE.— 3-INGH  SH&APNEL  OASB  A-6. 


(Chemical  analysu,  see  Case  A'-4.) 

Case  etched  with  iodine. 

No  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded.     • 

Bored  out  for  a  length  of  5.55  inches. 

Depth  inside,  7.00  inches. 

Length  over  all  outside,  7.40  inches. 

Length  from  top  to  top  edge  of  band  groove,  5.63  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.55  inches  length 
of  reduced  thickness  of  ^alls  exposed  to  the  interior  pressure  of 
the  test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

85,700 

15,900 

123,164 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  lamellar  spot  about  the  middle  of  case. 

Streaks  visible  in  fracture. 

Appearance  of  fracture,  silky  and  granular. 


3-INCH  SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


-INCH   SHRAPNEL  CASE   MADE  FROM   BAR   STOCK.     NO.  I 


3-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK.     NO.  A-6. 


3-INCH  SHRAPNEL  CASE  ^ 


SHRAPNEL  GASES. 
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SBVBNTE  OAaS.— d-INOH  SHRAPNEL  OASB  B-1. 

Chemical  analysis. 

C a  438 

Mn 45 

Si 260 

S 021 

P 030 

Ni 37 

Case  etched  with  iodine. 

No  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  leujgth  of  5.54  inches. 

Depth  inside,  7.03  inches. 

Length  over  all  outside,  7.41  inches. 

Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.54  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of 
the  test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

* 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  sauare 

inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

82,500 

15,306 

118,565 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  spot  at  about  the  middle  of  case  and  extended 
down  through  a  part  of  the  base. 

Appearance  oi  fracture,  fine  granular. 

Several  short  checks  developed  in  different  parts  of  the  case  during 
the  test.     Case  tore  around  band  groove  at  one  side. 
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SHRAPKEL  CASES. 


BiaHTH  CASE.— 8-INGH  SHRAPNEL  CASE  B-fi. 


(Chemical  analyaiB,  see  case  B-1.) 

Case  etched  with  iodine. 

A  few  very  short  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  mches. 

Length  of  threaded  section  at  top :    Not  threaded. 

Bored  out  for  a  len^h  of  5.53  inches. 

Depth  inside,  7.00  mches. 

Length  over  all  outside,  7.42  inches. 

Length  from  top  to  top  ed^e  of  band  groove,  5.67  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.53  inches  length  of 

duced  thickness  of  walk  exposed  to  tne  intenor  presf 


reduced 

Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


pressure  of  the  test. 


Applied  loads. 

BemarkB. 

Totel 
pounds 

on 
piston. 

Interior 

preasore 

(pounds 

per  square 

indi). 

Fiber 

stress  on 

case  ' 

(pounds 

per  square 

inch). 

85,700 

15,900 

123,164 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  silky  spot  a  little  above  the  middle  of  case. 
No  internal  streaks  visible  in  fracture. 

Appearance  of  fracture,  fine  granular.    Case  tore  around  band 
groove. 


3-ir4CH  SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


3-INCH   SHRAPNEL  CASE   MADE   FROM   BAR  STOCK.     NO.  B-l. 


i   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


3-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


SHBAPNEL  CASES. 
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NINTH  CAaS.— 8-INCH  SHBAPNEL  CASE  B-S. 

(Chemical  analysifl,  see  case  B-1.) 

Case  etched  with  iodine. 

No  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:  Not  threaded. 

Bored  out  for  a  len^h  of  5.54  inches. 

Depth  inside,  7.01  inches. 

Length  over  all  outside,  7.41  inches. 

Length  from  top  to  top  ed^e  of  band  groove,  5.65  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.54  inches  length  of 

duced  thickness  of  walls  exposed  to  tne  intenc 


reduced 

Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


intenor  pressure  of  the  test. 


Applied  loads. 

RamarkB. 

Total 
pounds 

on 
plkton. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

• 

85,300 

16,825 

122,580 

Uittmate  strength. 

Longitudinal  ruptm'e. 

Fracture  started  at  a  lamellar  spot  about  the  middle  of  case. 

No  streak  visible  in  fracture. 

Appearance  of  fracture,  fine  granular. 

Case  tore  around  band  groove. 
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SHBAPNEL  CASES. 


TENTH  CASE.--^-INGH  SHBAPNEL  CASE  B-4. 

Chemical  analysis. 

C 0.464 

Mn 75 

Si 161 

S 033 

P 036 

Ni , 1.14 

Case  etched  with  iodine. 
No  streaks  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top:     Not  threaded. 
Bored  out  for  a  length  of  5.53  inches. 
Depth  inside,  7.02  inches. 
Length  over  all  outside,  7.40  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cylinder  1  inch,  leaving  4.53  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  souare 

inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

89,900 

16,679 

129,200 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  silky  spot  near  the  top  of  case. 

No  streaks  visible  in  fracture. 

Appearance  of  fracture,  fine  granular. 

Case  tore  around  band  groove.     Fragment  nearly  detached. 


1-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK. 


HRAPNEL  CASE   MADE   FROM   BAR  STOCK. 


3-INCH   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.  B-4. 


1   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.   B-4. 
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EIiEVBNTH  CASE.— 6-INCH  SHRAPNEL  CASE  B-6. 

(Chemical  analysis,  see  Case  B-1.) 

Case  etched  with  iodine. 
Short  streaks  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Liength  of  threaded  section  at  top:     Not  threaded. 
Bored  out  for  a  length  of  5.52  inches. 
Depth  inside,  7.03  inches. 
Length  over  all  outside,  7.41  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cvlinoer  1  inch.  leaving  4.52  inches  length  of 
reduced  thickness  of  walls  exposed  to  tne  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

95,500 

17,718 

137,248 

intimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  lamellar  spot  near  the  middle  of  case. 

No  streaks  visible  in  fracture. 

Two  fragments  4.5  inches  long  by  about  2  inches  wide  were  de- 
tached from  the  case. 

Appearance  of  fracture,  fine  agranular. 

Several  short  checks  developed  in  one  of  the  fragments  during  the 
test. 
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SHBAPKEL  GASES. 


TWELFTH  CASE.— 6-mGH  SHBAFNEL  OASB  B-6. 

Chemiecd  anaUfHs, 

0 0.612 

Mn: 0.73 

Si 0.37 

S 0.028 

P 0.026 

Ni 1.46 

Case  etched  with  iodine. 
No  streaks  were  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top:    Not  threaded. 
Bored  out  for  a  length  of  5.53  inches. 
Depth  inside,  7.02  mches. 
Length  over  all  outside,  7.40  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cylinder  1  inch,  kavin^  4.53  inches  length  of 
reduced  thickness  of  walls  exposed  to  tne  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inchis. 
Sectional  area,  5.39  square  inches. 


AppUed  loads. 

B«mark8. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

84,800 

lfi,732 

121,871 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  near  the  top  of  the  case,  extending  down  through 
the  base  and  up  on  the  opposite  side  to  within  1^  incnes  from  top. 

Fragment  2^  inches  long  by  about  f  inch  wide  was  detached  from 
the  case. 

No  streaks  visible  in  fracture. 

Appearance  of  fracture,  medium  coarse  granular. 


i   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.   S-5. 


HRAPNEL  CASE   MAOE  FROM   BAR  STOCK.     NO.  B-S. 


STOCK.     NO.  B-6. 


RAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.  B-6. 


SHRAPNEL  GASES. 
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THI&TSBNTH  CASB.— B-INGH  SHRAPNBL  OASB  C-1. 

Chemical  amdyiis. 

C 0.468 

lin 0.68 

Si 0.180 

S 0.031 

P 0.017 

Ni 1.11 

Case  etched  with  iodine. 
Streaks  visible  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top,  0.55  inch. 
Bored  out  for  a  len^gth  of  5.50  incnes. 
Depth  inside,  7.00  inches. 
Length  over  all  outside,  7.41  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cylinder  1  inch.  leaying  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  tne  intenor  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

Bemarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inoh). 

79,eoo 

H76S 

114,397 

Ultimate  strangth. 

Longitudinal  rupture. 
Fracture  started  near  the  middle  of  case. 
Internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  lamellar. 

42461'— 17 3 
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SHBAPNEL  CASES. 


FOTTBTEENTH  CAfiE.— B-ZNOH  SHBAPmSL  CASE  C-2. 

(Chemical  analysis,  see  Case  C-1.) 

Case*  etched  with  iodine. 
Short  streaks  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top,  0.55  inch. 
Bored  out  for  a  lenjgth  of  6.50  inches.     ^ 
Depth  inside,  7.00  inches. 
Length  over  all  outside,  7.40  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cylinder  1  inch,  kavin^  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

BemarkB. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(poonds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

indi). 

85,400 

15,844 

122,733 

Ultimate  strengOu 

Longitudinal  rupture 
Fracture  startea  near  the  top  of  the  case. 
No  streaks  visible  in  fracture. 
Appearance  of  fracture^  silky  and  lamellar. 


.-INCH   SHRAPNEL  CASE   MADE   FROM   BAR  STOCK. 


i-INCH   SHRAPNEL  CASE   h 


3-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK.     NO.  C-Z. 


J-INCH   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.  C-2. 
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FIFTBBKTH  CASB.~^-INGH  SHBAPNEL  CASE  0-8. 

(Chemical  analysis,  see  Case  C-1.) 

Case  etched  with  iodine. 

Long  streaks  were  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top,  0.55  inch.    « 
Bor^  out  for  a  length  of  5.50  inches. 
Depth  inside,  7.00  mches. 
Length  over  all:  outside,  7.40  inches. 
Lei^th  from  top  to  top  edge  of  ban4  groove,  5.65  inches. 
Case  entered  testing  cyhniTer  1  inch,  teavin^  4.50  inches  length  of 
reduced  thickness  of  wal^  exposed  to  tne  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Totol 

pounds 

on 

Interior 

pressure 

(pounds 

per  square 

Indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

Inch). 

88,900 

10,403 

127,703 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  near  the  middle  of  case  at  an  external  streak. 

Internal  streak  visible  in  fracture. 

Appearance  of  fracture,  silky  and  lamellar. 
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8HBAPNEL  CASES. 


SECTEBNTH  CASE.— 3-INGH  SHBAPNEL  CASB  C-4. 

Chemiail  analytis, 

C 0.468 

Mn 66 

Si 143 

S 030 

P : 015 

Ni 1.10 

Case  etched  with  iodine. 

Short  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  len^h  of  5.53  inches. 

Depth  inside,  7.02  inches. 

Length  over  all  outside,  7.42  inches. 

Length  from  top  to  top  ed^e  of  band  grooves,  5.65  inches. 

Case  entered  testing  cylinder  1.00  inch,  leaving  4.53  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

Indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

78,200 

14,608 

112,263 

Ultimate  strength. 

3-INCH   SHRAPNEL  CASE  MADE  FROM   BAR  STOCK.     NO.  C 


!0M   BAR  STOCK. 


3-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK.     NO.  C-4. 


•NEL  CASE   MADE   FROM   BAR  STOCK.     NO.  C-«. 


SHBilPKEL  GASES. 
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Longitudinal  rupture. 

Fracture  startea  at  about  the  middle  of  case. 
Short  internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  lamellar. 


SBVENTEBNTH  CASB.— 3-INGH  SHBAPNEL  CASB  CU5. 

(Chemical  analysLs,  see  case  C-4.) 

Case  etched  with  iodine. 
Streaks  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top:  Not  threaded. 
Bored  out  for  a  len^gth  of  5.52  inches. 
Depth  inside,  7.00  inches. 
Length  over  all  outside,  7.41  inches. 
Length  from  top  to  top  ed^e  of  band  groove,  5.65  inches. 
Case  entered  testing  cvlinoer  1  inch,  kavin^  4.52  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  intenor  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches 


Applied  loads. 

BsmaikB. 

ToUl 
pounds 

on 
piston. 

Intorior 
pressnrs 
(pounds 

Fiber 
stnsson 

case 

(pounds 

per  square 

inch). 

83,100 

15,232 

117,990 

Ultimate  strangth. 

Longitudinal  rupture. 
Fracture  startea  near  the  top  of  case. 
Long  internal  streaks  visible  in  fracture. 
Appearance  of  ^fracture,  lamellar. 
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SHBAPKEL  CASES. 


BIGHTEBKTH  CASE.— 3-INGH  SHRAPNBL  CASE  0-6. 


(Chemical  analysiSy  see  case  C-4.) 

Case  etched  with  iodme. 

Short  streaks  were  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Length  of  threaded  section  at  top :    Not  threaded. 
Bored  out  for  a  length  of  5.53  inches. 
Depth  inside,  7.04  inches. 
Length  over  all  outside,  7.41  inches. 
Length  from  top  to  top  ed^e  of  band  groove,  5.67  inches. 
Case  entered  testing  cylinaer  1  inch,  kavin^  4.53  inches  length  of 
reduced  thickness  of  waits  exposed  to  the  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  lottds. 

Bemarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

FiUr 
stress  on 

case 
(pounds 

80,000 

14,843 

114,972 

Ultimate  strength. 

Longitudinal  rupture. 
Fracture  started  near  the  middle  of  case. 
A  few  internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  lamellar. 


*  *. . 


3-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK. 


INCH   SHRAPNEL  CASE  MADE  FROM   8AR  STOCK.     NO.  C~5. 


■1   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK.     NO.  C-6, 


J-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK.     NO.  C-6. 


SHRAPNEL  CASES. 
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NUTBTSENTH  CASB.~-8-INCH  SHBAPNEL  CASE  D-1. 

Chemieal  analyns. 

C 0.506 

Mn 85 

Si 104 

S 013 

P 018 

V 19 

Case  etched  with  iodine. 
Streaks  were  visible  in  case  before  testing. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Lengtii  of  threaded  section  at  top:    Not  threaded. 
Bored  out  for  a  lenjgth  of  5.55  inches. 
Depth  inside,  7.02  inches. 
Length  over  all  outside,  7.42  inches. 
Length  from  top  to  top  edge  of  band  groove,  5.65  inches. 
Case  entered  testing  cylinder  1  inch,  kavin^  4.55  inches  length  of 
reduced  thickness  of  walb  exposed  to  tne  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

BemarlEs. 

ToUl 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

Hndi). 

FflMV 

stress  on 

case 

(pounds 

per  square 

inch). 

84,900 

15,751 

121,881 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  outside  streak  near  middle  of  case. 
Internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  fine  ^anular  and  lamellar. 
Several  checks  developed  in  different  parts  of  the  case  during  the 
test. 
Case  tore  around  band  groove. 


28  BHBAPKEL  CASES. 

TWKNTilfiTH  OASB.^S-iMUH  SHBAFNBL  CASB  B-2. 

(Chemical  analysis,  see  case  D-1.) 

Case  etched  with  iodine. 

Short  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  length  of,  5.53  inches. 

Depth  inside,  7.00  mches. 

Length  over  all  outside,  7.40  inches. 

Length  from  top  to  top  ed^e'of  band  sroove,  5.65  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.53  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

nnch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

Inch). 

80,000 

14,a42 

114,972 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  a  little  below  the  middle  of  case. 
Short  streaks  visible  in  fracture. 
Appearance  of  fracture,  fine  granular  and  silky. 
Small  checks  developed  in  cBfferent  parts  of  the  case  during  the 
test. 


3-rNCH  SHRAPNEL  CASE   MADE   FROM   BAR  STOCK.     NO.   I 


3-INCH   SHRAPNEL  CASE   MADE   F 


lADE   FROM   BAR 


3-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK. 


SHRAPNEL  CASES. 
TWBKTY-FiaST  OASB.— 6-INGH  SHBAFNBL  0A8B 


29 


(Ghemical  analysis,  see  case  D-l.) 

Case  etched  with  iodine. 

Streaks  visible  in  case  before  testmg. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  lenjgth  of  5.52  inches. 

Depth  inside,  7.02  inches. 

Length  over  all  outside,  7.41  inches. 

Length  from  top  to  top  ed^e  of  band  groove,  5.65  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.52  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Appltedloitds. 

Bemarks. 

Totol 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

toch). 

Fiber 
stress  on 

o&se 

(pounds 

per  square 

Inon). 

7ff,e00 

14,020 

106,640 

Ultimate  strength. 

Longitudinal  ruptiure. 

Fracture  started  a  little  below  the  middle  of  case,  extending  down 
and  partly  through  the  base. 
Litemal  stream  visible  in  fracture. 
Appearance  of  fracture,  fine  granular  and  silky. 

42461'— 17 1 
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SHSAPHEL  GASES. 


TWENT7-SBC0ND  CASB.— ^.8-INGH  SHBAFNBL  0A8E  A-7. 

Chemical  analytU. 

C 0.376 

Mn 71 

Si 069 

S 026 

P 013 

Ni 1.22 

Cr 59 

Case  etched  with  iodine. 

Streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  3.77  inches. 

Inside  diameter  of  case,  3.37  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  length  of  6.95  inches. 

Depth  inside,  8.85  mches. 

Length  over  all  outside,  9.37  inches. 

Length  from  top  to  top  edge  of  band  groove,  7.17  inches. 

Case  entered  testing  cylinder  1^  inches,  leaving  5.45  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  3.25  inches. 

Sectional  area,  8.29  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

in(^). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inon). 

US,  600 

13,940 

117,400 

Ultimate  straigth. 

Longitudinal  rupture. 

Fracture  started  at  a  lamellar  spot  near  the  middle  of  case. 

A  few  internal  streaks  visible  in  fracture. 

Appearance  of  fracture,  fine  granular. 


l-INCH   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK. 


i   SHRAPNEL  CASE  MADE   FROM   BAR  STOCK.     NO.  j 


3.a-lNCH  SHRAPNEL  CASE  MADE   FROM   BAR  STOCK. 


SHBAPNEL  CASES. 


TWBNTT-THIBD  OASB.— 6.8-INGH  SHBAFNEL  0A8B  ▲-<8* 


31 


(Chemical  analjrsiB,  see  Case  A-7.) 

Case  etched  with  iodine. 

Streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  3.77  inches. 

Inside  diameter  of  case,  3.37  inches. 

Length  of  threaded  section  at  top:    Not  threaded* 

Bored  out  for  a  kn^h  of  6.95  inches. 

Depth  inside,  8.85  mches. 

Length  over  aU  outside,  9.37  inches. 

Length  from  top  to  top  edge  of  band  groove,  7.17  inches. 

Case  entered  testing  cylin^r  1^  inches,  leaving  5.45  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  3.25  inches. 

Sectional  area,  8.29  square  inches. 


Applied  loads. 

% 

Total 
pounds 

on 
piston. 

Interior 
prassure 
(pooiids 

Fiber 
stress  OD 

case 

(pounds 

per  square 

m.fiOO 

18,450 

113,240 

Longitudinal  rupture. 

Fracture  started  at  a  lamellar  spot  near  the  top  of  case. 
Numerous  internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  fine  granular. 


34  SHBAPKEL  CASES. 

TWBNTY-8CCTH  CASB.— 4.7-ZNOH  SHRAPNEL  0A8B  B-2. 


(Chemical  analyoB,  see  Case  £-1.) 

Case  etched  with  iodine. 

Outside  diameter  of  case,  4.68  inches. 

Inside  diameter  of  case,  4.28  inches. 

Length  of  threaded  section  at  top :    Not  threaded. 

Bored  out  for  a  length  of  8.65  inches. 

Depth  inside,  11.14  inches. 

Length  over  all  outside,  11.75  inches. 

Length  from  top  to  top  edge  of  band  groove,  9.00  inches. 

Case  entered  testing  cylinder  1}  inches,  leaving  7.15  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  int^or  pressure  of  the 
test. 

Diameter  of  piston,  5.00  inches. 

Sectional  area,  19.63  square  inches. 


Applied  loads. 

Total 
pounds 

on 
piston. 

Interior 

pressare 

(ponnds 

per  square 

inch). 

Fiber 
stress  on 

oase 

(pounds 

per  square 

i«3,ono 

8,250 

88,600 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  at  a  small  lamellar  spot  near  the  middle  of  case, 
extendhig  down  through  the  base  and  up  on  the  opposite  side. 

Numerous  internal  streaks  visible  in  firacture,  also  in  base. 

Several  checls  near  fracture  developed  in  case  during  the  test. 

Two  small  fragments  i  inch  long  by  about  |  inch  wide  were  detached 
from  case. 

Appearance  of  fracture,  medium  coarse  granular  and  lamellar. 


'-INCH   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK. 


.HRAPNEL  CASE  MADE   FROM   BAR  S 


SHBAPKEL  GASES. 
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TWBHTT-SBVENTH  OASB. --ft. 7-INCH  SHBAPNBIi  OASB  B-d. 

(Chemical  aBalysis,  see  Case  S~l.) 

Case  etched  with  iodme. 

No  streaks  visible  in  case  before  testing. 

Outside  diameter  of  case,  4.68  inches. 

Inside  diameter  of  case,  4.28  inches. 

Length  of  threaded  section  at  top:    Not  threaded. 

Bored  out  for  a  len^h  of  8.65  inches. 

Depth  inside,  11.11  inches. 

Length  over  all  outside,  11.75  inches. 

Length  from  top  to  top  ed^  of  band  groove,  9  inches. 

Case  entered  testing  cylinder  1^  inches,  leaving  7.15  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  intmor  pressure  of  the 
test. 

Diameter  of  piston,  5.00  inches. 

Sectional  area,  19.63  square  inches. 


Applied  loads. 

Bemarks. 

Total 
pounds 

on 
piston. 

Interior 

prassore 

(poonds 

persmiare 

Fiber 
stress  on 

case 
(pounds 

218,300 

n,iao 

110,022 

Ultimate  strength. 

Longitudinal  rupture. 
Fracture  started  near  the  middle  of  case. 
Numerous  internal  streaks  visible  in  fracture. 
Appearance  of  fracture,  fine  granular. 


KTDXOSTATIC,  TBVSILE,  HABDSSSS.  AID  CHASFT  IMPACT 
TESTS  OF  SEC  S-DTCH  SHBAPVEL  CASES  KADE  FBOM  HAM- 
KESED  BAE  STOCK. 


HTDBOflTATIC  TEST. 


shrapnel  cases  and  two  bars  3.10  inches  diameter  and  12 
inches  long  were  tested. 
Cases  marked  A-1,  A-2,  B-1,  B-2,  C-i,  and  C-2. 


APHSI.  CAME  Ar-1. 


Case  etdied  with 

No  streaks  or  seams  visible  before  test. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Bored  out  for  a  lenjgth  of  5.50  inches. 

Depth  inside,  6.98  inches. 

Length  over  all  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  kwds. 

Bfloiarks. 

Totol 

pomids 

on 

pkUML 

**r2«r^     (poondi 

78,800 

14,010    j      113,100 

UltimatostnogUi. 

Longitudinal  rupture.  Fracture  started  near  the  top  of  case.  No 
streaks  or  seams  visible. 

Appearance  of  fracture,  silky  and  lamellar.  Small  checks  devel- 
opea  m  different  parts  of  the  case  during  the  test. 

This  case  made  from  heat-treated  hammered  bar  stock. 
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4.7-INCM   SHRAPNEL  C 


4.7-INCH   SHRAPNEL  CASE   MADE  FROM   BAR  STOCK.     NO.  E-i. 


MMEREO    BAR 


3-INCH   SHRAPNEL  CASE   MARKED   A-1,    AFTER  TEST. 


8KRAPKEL  GASES, 
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SBOOHB  OASB.— d-INCH  SHBAPNBL  CASB  A-S. 

Case  etched  with  iodine. 

No  streaks  or  seams  visible  before  test. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Bored  out  for  a  length  of  5.50  inches. 

Depth  inside,  6.98  inches. 

Length  over  aU  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length  of 
reduced  thickness  of  wails  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 

poands 

on 

Interior 

preGSuro 

(poands 

persqaare 

Fiber 
stress  OD 

oase 

(poands 

persqaare 

inoii). 

73,600 

13,060 

106,000 

Ultimate  strength. 

Longitudinal  rupture. 
Fracture  started  near  the  middle  of  case. 
No  streaks  or  seams  visible. 
Fracture  appeared  silky. 

Small  checra  developed  in  different  parts  of  the  case. 
This  case  made  from  heat  treated  hammered  bar  stock,  similar  to 
case  A-1. 

42461*— 17- 
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SHRAPNEL  GASES, 


THIBD  CAnB.--3-IN0H  SHRAPNBL  CASB  B-1. 


Case  etched  with  iodine. 

No  streaks  or  seams  visible  before  test. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Bored  out  for  a  Jen^th  of  5.50  inches. 

Depth  inside,  6.98  mches. 

Length  over  aU  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length 
of  reduced  tldckness  m  walls  exposed  to  the  interior  pressure  of  the 
test. 

Diameter  of  piston,  2.62  inches. 

Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
pistan. 

Interior 

prassuTB 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 
(pounds 
persqoare 
nndi). 

86,300 

15,800 

122,200 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  near  the  top  of  case. 

No  streaks  or  seams  visible. 

The  fracture  appeared  silky  and  lamellar. 

This  case  made  from  heat-treated  hammered  bar  stock* 


H   SHRAPNEL  CASE   MARKED  A-2.    AFTER  TEST, 


S.r»CH  SMR.PNEL  CASE   Mabkco   .-,.     BEFORE   TEa^     ,.„   „,„,   „„„ 


3-INCH  SHRAPNEL  CASE  MARKED   B-1.     AFTER   TEST. 


SHBAPNEL  GASES. 


FOUBTH  OASB.— d-INOH  SHBAFNBL  CASB  B-2. 
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Case  etched  with  iodine. 
No  streaks  or  seams  visible  before  test. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Bored  out  for  a  length  of  5.50  inches. 
Depth  inside,  6.98  mches. 
Length  over  aU  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

fnon). 

Fiber 
stresBon 

case 

(pounds 

per  square 

indi). 

75,600 

14,000 

108,800 

Ultimate  streDgtfa. 

Longitudinal  rupture. 

Fracture  started  at  a  bright  streak  in  the  wall  of  the  case  near 
the  top. 

The  fracture  appeared  silky  and  lamellar. 

This  case  made  from  heat  treated  hammered  bar  stock,  similar  to 
caseB-1. 
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SHRAPNEL  CASES. 


FIFTH  CASE.-^-INGH  SHBAPNBL  CASB  0-1. 

Case  etched  with  iodine. 

No  streaks  or  seams  visible  before  test. 

Outside  diameter  of  case,  2.97  inches. 

Inside  diameter  of  case,  2.63  inches. 

Bored  out  for  a  length  of  5.50  inches. 

Depth  inside,  6.98  mches. 

Length  over  all  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  interior  pressure  of  the  test. 
'  Diameter  of  piston,  2.62  inches. 

Sectional  acea,  5.39  square  inches. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

Inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

indi). 

82,800 

15,360 

118,800 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  near  the  top  of  case. 

No  streaks  or  seams  visible. 

Fracture  appeared  silky  and  lamellar. 

Small  checks  developed  in  different  parts  of  the  case  during  the 
test. 

This  case  made  from  hammered  bar  stock.  Case  heat  treated 
after  rough  machining. 


ED   B-2.    AFTER  TEST. 


.    AFTER  TEST. 


SHRAPNEL  OA&ES. 
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SIXTH  CASE.—S-mOH  SHBAPNBL  CASE  0-2. 

Case  etched  with  iodine. 
No  streaks  or  seams  visible  before  test. 
Outside  diameter  of  case,  2.97  inches. 
Inside  diameter  of  case,  2.63  inches. 
Bored  out  for  a  len^h  of  5.50  inches. 
Dejith  inside,  7.00  inches. 
Length  over  all  outside,  7.40  inches. 

Case  entered  testing  cylinder  1  inch,  leaving  4.50  inches  length  of 
reduced  thickness  of  walls  exposed  to  the  intenor  pressure  of  the  test. 
Diameter  of  piston,  2.62  inches. 
Sectional  area,  5.39  square  inches. 


Applied  loads. 

• 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

inch). 

86,600 

16,040 

124,000 

Ultimate  strength. 

Longitudinal  rupture. 

Fracture  started  near  the  middle  of  case. 

No  streaks  or  seams  visible. 

Fracture  appeared  silky  and  lamellar. 

Small  checks  developed  in  di£Perent  parts  of  the  case  during  the 
test. 

This  case  made  from  hammered  bar  stock.  Case  heat  treated 
after  rough  machining  similarly  to  case  C-1. 


TEKSILE  TESTS  OF  STOCK  FOB  OASES. 


Marks. 

YiAld 

pofait 

(poands 

per  square 

ilK^). 

Elastic 

limit* 

(pounds 

per  square 

Inch). 

BloDga- 

tionrper 

cent). 

Contrac- 
tion (per 
cent). 

Appearance  of  fracture. 

AL. 

116,600 
117,000 
112,600 
113,000 
142,000 
140,600 
140,000 
138,000 

33.0 
33.0 
13.0 
13.0 
22.0 
27.0 
11.0 
ILO 

64.6 
64.6 
2a6 
20.6 
30.7 
87.2 
&7 
&7 

FinesUky. 

FfnesHky.  BerfBctcupandoone. 
Laminated. 
Laminated  oblique. 
Fine  silky. 
Do. 

I^amfnated. 

AL. 

AT 

AT 

BL. 

BL. 

BT 

BT 

76,000 
67,600 
6^600 
108,000 
101,600 
100,000 
100,000 

*  Yield  point  not  wdl  defined. 
BBINELL  HABDNESS  NUMBEB8. 


Marks. 

AL. 

AL. 

AT. 

AT. 

BL. 

BL. 

BT. 

BT. 

286 

241 

241 

236 

286 

277 

277 

286 

Note.— Specimens  marked  L  were  taken  out  longitudinally;  specimens  marked  T  wen  taken  out 
tangentially. 


tevshe  aid  htdsostatic  tests  of  4.7-nrcH  shkaphel 

CASES. 

These  c&ses  were  made  from  bar  stock  of  the  following  composi- 
tion: 

C : 0.50 

Mn 69 

Si 27 

S 026 

P 024 

Ni 3.50 

The  bar  as  received  was  10  inches  diameter  and  was  foi^ged  down 
to  5  inches  diameter.  The  cases  were  heat  treated  after  machining 
by  quenching  in  oil  at  775^  C.  and  then  drawing  at  400^  C.  for  two 
hours. 

The  following  tests  were  made: 

HABDNESS. 


Number. 

Method. 

Distances  from  base  (inches). 

linch. 

6  inches. 

10  inches. 

L3 

BrineUBaU 

do. 

387 
387 
387 
387 
387 
387 

387 
387 
887 
387 
418 
387 

387 
387 
387 
387 
402 
375 

U3 

LI 

do 

Ul 

do 

U2 

do 

L2 

do 

TENSILE  TESTS. 


liarks. 


UlA 
UIB 
LIB 
LIB 


E.  L. 

(pounds 

pw  square 

incn). 


168,000 
168,000 
168,000 
167;  000 


T.S. 

(pounds 

I)er  square 

incn). 


184,000 
184,000 
183,000 
183,000 


Elonga- 
tion per 
cent  in  2 
Inches. 


11.5 
12.5 
12.0 
11.0 


Contrac- 
tion of 

area  (per 
cent). 


51.0 
51.0 
51.0 
43.0 


HYDROSTATIC  TEST. 


Two  cases  were  then  tested  to  destruction  under  hydrostatic 
pressure.  The  metal,  both  before  and  after  the  test,  showed  no  sign 
of  streaks  or  other  imperfections.  The  strength  snown  of  173,000 
and  176,200  pounds  per  square  inch  fibre  stress  is  very  high  com- 
pared to  the  cases  previously  tested. 
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aECRAPNEL  OASES. 


Gabb  L-2. 


Applied  loads. 

Bemarks. 

ToUl 

pounds 

on 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

indi). 

317,000 

16,150 

173,000 

Longitudinal  rupture.    Fracture  started  near  the  middle  of  case. 
No  streaks  visible  in  fracture. 
Appearance  of  fracture,  silky  and  lamellar. 

Cabb  U-2. 


Applied  loads. 

Remarks. 

Total 
pounds 

on 
piston. 

Interior 

pressure 

(pounds 

per  square 

indi). 

Fiber 
stress  on 

case 

(pounds 

per  square 

indi). 

324,000 

16,fi00 

176,200 

Ultimate  strength. 

Longitudinal  rupture.    Fracture  started  a  little  above  the  middle 
of  ease. 

No  streaks  visible  in  fracture. 
Appearance  of  fracture,  silky  and  lamellar. 


SHOOK  TESTS. 


Specimens  taken  from  the  walls  of  the  case  near  the  base  gave  the 
following  tests  on  the  Charpy  machine: 


Charpy  machine. 

Sectional 

area 

(square 

inch). 

1 

Test  piece 
marks. 

Excess 

Total  foot- 

Foot- 
pounds per 

angle. 

pounds. 

square 

inch. 

LIA.... 

0.0785 

125.5 

36.6 

466.2 

LIA.... 

.0780 

125.5 

36.6 

460.1 

LIB.... 

.0777 

126.5 

35.0 

450.4 

LIB.... 

.0780 

127.0 

34.2 

438.4 

UlA.... 

.0780 

127.5 

33.4 

428.2 

UlA.... 

.0780 

126.0 

35.8 

458.0 

UIB.... 

.0775 

131.0 

28.0 

361.2 

UIB.... 

.0778 

127.5 

33.4 

429.1 

The  above  results  are  much  better  than  those  obtained  on  previous 
tests.  The  impact  strength  is  over  400,  whereas  the  6-inch,  3-inch, 
and  2.95-inch  cases  previously  tested  averaged  below  200  foot-pounds 
per  square  indi« 


SHBAPNEL  CASES.  45 

MI0BOSCX)PI0  EXAMINATION. 

The  microscopic  examination  reveals  a  fine,  uniform,  troostitic 
structure.  To  determine  whether  the  hardening  was  uniform 
throughout  the  mass,  hardness  numbers  were  taken  on  a  cross  sec- 
tion of  the  wall  near  the  base.  The  metal  was  found  to  be  very 
uniform,  varying  from  364  to  375  Brindl. 
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HTDSOSTATIC  TEST  OF  OVE  4.7-IVCH  SHRAPniL  CASE* 

This  shrapnel  case  was  manufactured  at  Watertown  Arsenal  from 
a  bar  6^  incuiies  diameter. 

Marks  on  case,  2.    Case  not  etched. 

Outside  diameter  of  case,  4.68  inches. 

Inside  diameter  of  case,  4.28  inches. 

Mouth  of  case  not  threaded. 

Bored  out  for  a  len^h  of  8.36  inches. 

Depth  inside,  10.85  inches. 

Licngth  over  all  outside,  11.54  inches. 

Length  from  top  to  top  edge  of  band  groove,  8.74  inches. 

Case  entered  testing  cylinder,  1^  inches,  leaving  6.86  inches  length 
of  reduced  thickness  of  walls  exposed  to  the  intmor  pressure  of  the 
test. 

Diameter  of  piston,  5.00  inches. 

Sectional  area,  19.63  square  inches. 


Applied  loads. 

Exterior 

diameter 

of  case 

(inches). 

Kfimadn. 

Total 

pounds 

on  piston. 

Interior 

presson 

(poonds 

per  square 

inch). 

Fiber 
stress  on 

case 

(pounds 

per  square 

Indi). 

0 

5,000 
120,000 

5,000 
130,000 

5,000 
140,000 

5,000 
145,000 

5,000 
208,000 

0 

256 
6,115 

256 
6,625 

255 
7,130 

255 
7,386 

255 

0 

4.680 
4.680 
4.680 
4.680 

Ultiniate  strength. 

65,500 

70,900 

4.680 

76,200 

4.681 

79,170 

4.701 

113,570 

Case  flew  into  three  fragments. 
Appearance  of  fracture,  fine  granular. 
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HTDSOSTATIC  TEST  OF  HTDSAUIIC  CTLIITDES  FOE  4.7-nrCH 

HOWITZEB. 

1.  This  cylinder  was  made  from  a  forging  of  the  following  compo- 
sition: 

C 0.40 

Mn 609 

Si 247 

P 027 

S 020 

Ni 3.62 

The  cylinder  was  annealed  and  rough  machined  to  the  dimensions 
shown  in  sketch  No.  1.  It  was  next  quenched  in  oil  from  776®  C. 
and  then  drawn  at  600°  C.  for  four  hours,  followed  by  slow  cooling 
in  the  furnace. 

2.  Three  tensile  specimens  gave  the  following  results: 


Elastic 

limit 

(pounds  per 

square 

inoh). 

Tensile 

strength 

(pounds  per 

square 

inch). 

Elongation 
(per  cent). 

Contraction 
(per  cent). 

Brinell 
hardness 
number. 

90,500 
93,000 
93,600 

115,600 
115,500 
116,000 

22.0 
21.0 
32.0 

64.7 
67.2 
62.3 

241 
241 
241 

192,880 

1115,830 

121.7 

161.4 

1241 

1  Average. 

The  specimens  were  all  taken  in  a  longitudinal  direction. 
3.  Microscopic  examination  of  the  metal  indicated  a  fine,  uniform, 
sorbitic  structure,  free  from  slag  streaks.     (See  photo  No.  1.) 

HTDBAULIO  TEST. 

The  cylinder,  after  heat  treatment,  was  finished  to  an  inside  diame- 
ter of  6.08  inches,  the  outside  diameter  being  6.50  inches.  The 
arrangement  for  testing  is  shown  in  sketch  No.  2  and  photographs 
No.  2  and  No.  3. 

The  cylinder  H,  the  connecting  piping  L,  and  the  test  cylinder  K 
were  fiJled  with  water,  through  tne  connection  X.  Hydraulic  pres- 
sure was  obtained  by  means  of  the  piston  P,  U  being  a  leather  pack- 
ing to  prevent  leakage.  P  and  H  were  placed  between  the  platforms 
of  the  testing  machine,  as  indicated  by  the  arrows. 

Measurements  were  taken  of  the  outside  diameter  at  points  6 
inches  apart,  as  indicated  on  sketch  No.  2  at  points  A,  B,  C,  D,  E, 
and  F.  As  the  lowest  elastic  limit  given  by  tne  three  tensile  speci- 
mens was  90,500,  it  was  decided  to  stress  the  cylinder  to  85,000  one 
hundred  times,  and  then  to  determine  whether  there  was  a  perma- 
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nent  set.  The  formula  for  a  thick  hollow  cylinder  was  used  to  com- 
pute the  fiber  stress  in  the  walls,  llie  table  following  gives  the 
results  obtained. 

From  the  table  it  is  seen  that  after  stressing  to  85,000  pounds  per 
square  inch  100  times  there  was  no  permanent  set.  The  load  was 
then  ^adually  increased,  measurements  being  taken  each  time  after 
reducmg  the  load  to  3,750  poimds  per  square  inch  fiber  stress.  No 
permanent  set  was  obtained  imtil  a  fiber  stress  of  95,000  pounds  was 
reached.  This  located  the  elastic  limit  between  93,500  and  95,000 
pounds  per  square  inch  and  agrees  very  closely  with  the  results 
obtained  on  the  tensile  specimens. 
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The  cylinder  finally  burst  at  a  fiber  stress  of  122,200,  as  calculated 
by  the  formula  for  a  thick  hollow  cylinder.  As  this  formula  is  only 
approximate  above  the  elastic  limit,  the  ratio  of  stress  to  strain  no 
longer  being  constant,  the  result  is  considered  to  agree  very  well 
with  the  tensile  test. 

Photograph  No.  4  gives  a  comparison  of  the  cylinder  imder  test 
(No.  1)  and  a  cylinder  which  burst  on  acceptance  test.  (No.  2.)  It 
will  be  noted  that  the  fracture  of  No.  1  indicates  a  very  ductile  metal, 
while  that  in  cylinder  No.  2  is  characteristic  of  brittle  steel. 
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The  tensUe  tests  of  cylinder  No.  1  gave  an  average  contraction  of 
area  of  61.4  per  cent,  whereas  test  specimens  taken  from  the  wall  of 
the  brittle  cylinder  gave  a  contraction  of  only  31.8  per  cent  and  27.5 
per  cent. 
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PHOTOGRAPH    NO.    4.     4.7-INCH    HOWITZER   RECOIL  CYLI 


HYDSOSTATIO   TEST   OF   SECOHD   HTDSAUIIC  CTLOrDEB  FOB 

4.7-DrCH  HOWITZER. 

1.  This  cylinder  was  made  from  a  foiging  of  the  folbwing  oom- 
position: 

C 0.435 

lin 707 

Si : 270 

S 027 

P 015 

Ni 3.48 

The  cylinder  was  annealed  and  rough  machined  to  the  dimensions 
shown  in  sketch  No.  1.  It  was  next  quenched  in  oil  at  800^  C.  and 
then  drawn  at  625^  C.  for  four  hours. 

2.  Two  longitudinal  tensile  specimens  gave  the  following  results: 


Marks. 

Elastie 

limit 

{pounds 

per  square 

iiuOi). 

TenaUe 

strength 

(poimds 

per  square 

iiuSi). 

Elonga- 
tion. 

Contno- 
tion. 

BrineD 
hardness 
number. 

fiOOOFL 

fiOOOFIL. 

Average.. 

80,600 

109,000 
107,600 

PereenL 
34.6 
36.6 

PereetU, 
60.8 
62.8 

238 

217 

80,000 

106,260 

36.0 

61.0 

223 

3.  Microscopic  examination  of  the  metal  indicated  a  fine,  uniform 
sorbitic  structure,  free  from  slag  streaks.    See  photo  No.  5. 
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HYl^BAULIO  TEST. 

This  cylinder  was  finished  to  nearly  the  dimensions  noted  in  con- 
nection with  first  cylinder,  the  thickness  of  wall  being  0.18  instead 
of  0.21  inch.  The  apparatus  used  was  exactly  as  described  for  the 
first  cylinder.  Measurements  of  the  outside  diameter  of  the  cylinder 
were  taken  at  points  6  inches  apart,  marked  A,  B,  C,  D,  E,  and  F 
on  sketch  No.  3. 


As  the  elastic  limit,  determined  by  the  tensile  test,  was  80,000 
poimds  per  square  inch,  it  was  decided  to  apply  the  stress  repeatedly 
at  a  fiber  stress  in  the  walls  of  75,000. 

The  formula  for  a  thick  hollow  cylinder. 


was  used  in  determining  fiber  stresses.  The  attached  table  gives 
the  results  obtained.  From  the  table  it  is  seen  that  for  points  D,  E, 
and  F  a  slight  permanent  set  was  obtained  after  a  fiber  stress  of 
75,000  pounds  per  square  inch.  The  cylinder  was  then  stressed  to 
this  fiber  stress  100  times,  the  permanent  set  increasing  slightly. 
The  load  was  then  increased,  as  indicated,  until  at  a  stress  of  88,600 
pounds  per  square  inch  the  cylinder  burst. 


PHOTOGRAPH  NO.  5.    (X7S.) 


HTDBAUUO  CYLINDEBS  FOE  4.'7-IKCH  HOWITZERS. 
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This  ultimate  strength  was  below  the  108,250  pounds  indicated 
by  the  tensile  test.    No  flaw  or  defect  could  be  found  in  the  fracture. 


AppUed  loads. 

Measmements  of  cylinder  (inohfls). 

Remarkj. 

Total 
pounds 

on 
piston. 

Fiber 
stress  on 
cylinder 
(pomids 

per 
square 
Inch). 

A. 

B. 

G. 

D. 

B. 

F. 

6,000 
68,490 

6,000 
82,190 

6,000 
89,040 

6,000 
95,860 

6,000 
102,730 

6,000 
102,730 

6,000 
102,730 
102,730 

6,000 
102,730 

6,000 
102,730 

6,000 
109,580 

6,000 
116,430 

6,000 
121,100 

4,880 
50,000 

4,880 
60,000 

4,380 
65,000 

4,380 
70,000 

4,380 
75,000 

4,380 
75,000 

4,880 
75,000 
75,000 

4,880 
75,000 

4,380 
75,000 

4,380 
80,000 

4,380 
85,000 

4,380 
88,500 

fi./«96 
5.506 
5.498 
6.500 
5.496 
6.506 
5.496 
5.508 
5.498 
5.500 
5.498 

6.496 
6.502 
5.496 
6.504 
5.496 
5.506 
5.496 
5.506 
5.496 
5.507 
5.496 

6.406 
6.504 
6.496 
6.506 
5.496 
6.507 
5.496 
5.506 
5.496 
6.510 
5.500 

6.496 
6.505 
6.498 
6.506 
5.496 
6.606 
5.499 
5.510 
5.499 
5.516 
5.506 

6.498 
6.506 
6.496 
6.507 
5.498 
5.506 
5.496 
5.510 
5.499 
5.516 
5.505 

6.496 
6.506 
5.496 
5.607 
5.498 
6.506 
5.496 
5.509 
6.499 
5.516 
5.506 

After  stressing  10  times. 

At  11  times. 

At  25  times. 

After  25  times. 

At  50  times. 

After  50  times. 

At  100  times. 

After  100  times. 

After  80,000  pomids. 

After  85,000  pomids. 
Ultimate  strength. 

* '5.498 
5.509 
5.509 
5.496 
5.509 
5.496 
5.509 
5.498 

5.496 
5.507 
5.507 
5.496 
5.507 
5.496 
6.507 
5.496 

5.500 
5.512 
5.512 
5.500 
5.512 
5.501 
5.512 
6.502 

5.500 
5.516 
5.517 
5.506 
6.518 
5.508 
5.519 
6.509 

5.506 
5.516 
5.517 
5.506 
5.518 
5.507 
5.518 
5.508 

5.506 
5.516 
5.516 
5.506 
5.517 
5.507 
5.518 
5.507 

5.496 

5.496 

5.508 

5.509 

5.509 

5.506 

5.496 

5.503 

5.524 

5.520 

5.630 

5.528 

Cylinder   ruptured   longitudinally.    Rupture    or   fracture   21.50 
inches  long.    Principal  bulge  was  17.25  inches  from  end  of  cylinder. 
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KATERIAL  TESTS  FOB  16-IHrCH  DISAPPEABIHTO    CABXIA&E. 


Stnictural  parts  qflS-inch  disappearing  carriage. 

FORGED  STEEL  NO.  2. 


Fart. 

ffp^ffTM^ 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 

strength 

(pounds 

per 
square 
inch). 

Elongi^ 

tion 

(per 
cent). 

Con- 
trac- 
tion 
(per 
cent). 

Treatment. 

mark. 

Hand  pinion . , . , 

3309F 
5124  F 
8417  F 
4014  F 

47,500 
66,500 
57,000 
39,000 

85,500 

106,000 

82,500 

76,600 

2&0 
23.5 
25.0 
28.6 

46.2 
46.2 
51.9 
51.9 

Annealed  at  696*  C,  2  hours. 
Drawn  at  600*  C,  8  hours. 
Annealed  at  605*  C.,  2  hours. 
Annealed  at  600*  C,  8  hours. 

Pinion ifba'tff 

Segments,  trav.  rack 

FORGED  STEEL  NO.  8. 


Fart. 


Bolts 

Cam    (expeller)    and 

ratchet. 

Collars,  expelling 

Crown  nuts  and  power 

pinion. 

Hooks,  retracting , 

Levers,  expelling , 

Locks,  pin , 

Pawls 

Do 

Pinion,  vertical  shaft . . 
Shaft ,  rocker,  ri^it  and 

left. 


Pur- 

Yield 

Tensile 

Elon- 

Con- 

Speo- 

chase 

point 

strength 

t1^ 

trac- 

imen 

order 

(pounds 

(pounds 

tion 

mark. 

num- 

per 

per 

(per 

(per 

ber. 

square 
inch). 

square 
inch). 

cent). 

cent). 

5282F 

4796 

59,000 

96.000 

25.5 

51.9 

3631  F 

9700 

55,000 

104,600 

2ao 

4a3 

3415  F 

9493 

46,500 

89,500 

19.0 

46.2 

3315  F 

9493 

47,500 

93,000 

25.6 

49.1 

3350F 

8407 

50,000 

102,000 

15.0 

27.4 

3379  F 

9493 

48,000 

100,000 

2a5 

4a  3 

3615  F 

9493 

66,000 

101,500 

23.0 

54.6 

3283F 

2203 

59,500 

99,000 

25.0 

51.9 

3471  F 

M93 

62,000 

97,000 

2L5 

46.2 

3314  F 

1574 

62,600 

100,500 

22.0 

37.2 

3200  F 

2252 

53,000 

95,500 

25.0 

5L9 

Treatment. 


Drawn  at  600*  C,  3  hours. 
Annealed  at  505*  C. 

Annealed  at  606*  C,  3  hours. 
Annealed  at  605*  C,  2  hours. 

Do. 
Annealed  at  505*  C. 
Annealed  at  505*  C,  2  hours. 

Do. 

Do. 

Do. 

Do. 


FORGED 

STEEL  "A". 

Part. 

Specimen 
mark. 

Yield 

point 

(pounds 

per 
square 
inch). 

Teofille 
strength 
(pounds 

per 
square 
inch). 

Elonga- 
tion 
(per 

cent). 

Coo- 
traction 

(per 
cent). 

Treatment. 

Bolts 

6038  F 
5016  F 
3617  F 
6155  F 
4072  F 

65,000 
64,500 
64,500 
58,000 
58,600 

111,000 
109,000 
112,000 
93,000 
106,500 

23.5 
23.5 
22.0 
29.0 
17.5 

57.2 
57.2 
51.9 
57.2 
34.0 

Drawn  at  600*  C,  held  3  hours. 

Da 
Annealed  at  595*  C. 
Annealed  at  600*  C,  3  hours. 

Do. 

Do 

Pinion  pins 

Pinion  shafts 

Special  washernut 

FORGED  STEEL  "B". 


Pawls 

3420  F 
3358  F 

63,000 
65,000 

102,000 
106,600 

23.0 
22.0 

57.2 
51.9 

Annealed  at  596*  C.  2  hours. 
Do. 

Pawl  pins 

FORGED  STEEL  "C". 


Spring  rods 

Spring  rod 

836a-F-2 
3369  F-2 

104,500 
84,000 

134,500 
124,600 

15.0 
19.0 

46.2 
46.2 

Ofl  quenched  at  776*  C.    Annealed 

at  550*  C,  2  hours. 
Oil  quenched  at  775*  C.    Annealed 

at  595*  C,  2  hours. 

FORGED  STEEL  "D". 


Elev.   pins  and 
epicydic  pinion. 

3352  F 

104,000 

135,600 

16.0 

46.2 

Oil  quenched  at  775*  C.    Annealed 
at  600*  C,  2  hours. 
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Structural  parts  of  16-iruh  disappearing  carriage — Contmued. 


CAST  STEEL  NO.  2. 


Fart. 

Heat 
num- 

Speci- 
men 

Yield 

point 

(pounds 

Tensile 

strength 

(pounds 

Elou- 
tl^ 

(Con- 
trac- 
tion 
of 

Treatment. 

ber. 

mark. 

per 

per 

(per 

area 

square 
inch). 

square 
inch). 

cent). 

(per 
cent). 

Axle  iMarings,  stlnttpe, 

4,568 

9126 

44,000 

82,500 

21.5 

27.4 

Air  chlUed  at  OSO**  C,  held 
2  hours.    Drawn  at  500"* 

and  traversing  lock 

frames. 

C,  2  hours. 

I>0. 

Biacket.rear.and  stand- 
aid. 
Do 

4498 

8512 

44,500 

86,000 

19.0 

20.5 

4501 

8585 

45,000 

84,000 

19.0 

20.5 

Do. 

BiBCket  cape. 

14520 
4249 

8748 
6123 

46,500 
50,000 

85,500 
88,500 

24.5 
17.0 

34.0 
27.4 

Do. 
Air  chiUed  at  850*'  C;  air 

Clip  and  traversing 

bracket. 

chilled  at  765*  C.    An- 
nealed at  500"  C,  2  hours. 

Clip  (Itont)  and  center 

14132 

4063 

45,500 

78,500 

25.0 

27.4 

Air  chiUed  from  675*  C. 

lunge  support. 
Cape  (trunnion  bed)  and 

elevating  pinion. 
(}ape,  trmmion  bed 

after  holding  3  hours. 

14158 

4530 

42,500 

78,500 

23.5 

30*7 

Do. 

4164 

4681 

47,000 

80,000 

20.5 

24.0 

Air  chilled  at  960*  C,  held 
2  hours.    Drawn  at  500* 

C,  2  hours. 

(Counterweight  pin 

14225 

5808 

49,500 

87,000 

19.0 

27.4 

Air  chilled  at  960*  C;  air 
ohflled  at  765*  C.    An^ 
nealed  at  500*  C,  2  hours. 

Counterweight  pin  and 

42M 

6872 

47,500 

81,000 

15.0 

20.5 

Do. 

pinion  shaft  bracket. 

Frame    

4508 

9458 

41,000 

80,500 

14.0 

20.5 

Air  chflled  at  950*  C.  held 
2  hours.    Drawn  at  500* 

C,  2  hours. 
Do. 
Do. 
Air  chilled  at  950*  C;  air 
ChiUed  at  765*  C.    An- 

Do  

4572 

14574 

4300 

9186 
9227 
6582 

44,500 
46,500 
52,000 

86,000 
88,000 
80,500 

21.0 
16.5 
16.5 

27.4 
24.0 
27.4 

Do 

Gear,  eplfyolte     ........ 

nealed  at  600*  C.  2  hours. 
Air  chilled  at  950*^  C.   An- 
nealed at  600*  C,  2  hours. 

Do 

4403 

7451 

42,000 

77,600 

24.0 

30.7 

Gear,  fliift.  ....^.x.ss.x 

4500 

8561 

43,000 

82,600 

23.5 

27.4 

Air  chilled  at  060*  C.  held 
2  hours.    Drawn  at  500* 

C,  2  hours. 

Gear,  pfliwer 

4434 

7800 

41,000 

80,500 

20.5 

27.4 

Airchi11edat960*C.   An- 
nealed at  500*  C.  2  hours. 
Air  ChiUed  at  950^  C;  air 

Left  gun  levers  and  pis- 

4215 

6819 

50,000 

88,600 

16.0 

20.5 

ton  rod  bracket. 

chilled  at  765*  C.    An- 

nealed  at  500*  C.  2  hours. 

Airchmedat950'C.   An- 

Pinion, elevating 

14487 

7909 

42,500 

80,000 

20.0 

27.4 

nealed  at  500*  C,  2  hours. 

StliTupe  and  elevating 

pinion. 
Struts 

14560 

9138 

42,500 

84,000 

21.0 

27.4 

Do. 

14552 

8945 

41,500 

80,000 

18.5 

27.4 

Air  ChiUed  at  950*  C.  held 
2  hours.    Drawn  at  500* 

C,  2  hours. 

CAST  STEEL  NO.  3. 


Box,  pawl 

Box  jNiwl,  and  elevating 

Bracket,  ftont 

(Caster 

Drum  dutch  and  spring 
rod  nut. 

Gear  cage,  epicycUc 

Gear,  epic^iio 

Pinion 

Racks 


14299 

6634 

51,000 

98,500 

13.0 

20.5 

4303 

6562 

56,000 

05,500 

11.5 

16.9 

/4467 
\  4468 

|8266 

49,500 

89,000 

16.5 

20.5 

14587 

9368 

53,000 

105,500 

14.0 

20.5 

4173 

4832 

50,500 

85,000 

20.0 

24.0 

4191 

4187 

M482 

5157 
5068 
8422 

47,500 
48,000 
45,500 

92,500 
85,500 
87,000 

16.5 
17.5 
19.5 

20.5 
20.5 
27.4 

4592 

9458 

41.000 

80.500 

14.0 

20.5 

Air  ChiUed  at  960*  C;  air 
chUled  at  765*  C.    An- 
nealed  at  500*  C,  2  hours. 
Do. 


[Air  chffled  at  950*  C,  held 

1  hour.    Drawn  at  500* 
I    C,  2  hours. 

Air  chUled  at  950*  C.  held 

2  hours.    Drawn  at  500* 
C,  2  hours. 

Air  ChUled  at  960*  C;  air 
chffled  at  765*  C.   An- 
nealed at  500*  C,  2  hours. 
Do. 
Do. 
Air  chffled  at  960*  C.  held 
2  hours.    Drawn  at  500* 
C,  2  hours. 
Do. 


1  Chemical  analysis  given  in  table  of  analTses. 
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MATERIAL   TESTS  FOB  16-INCH   DISAPPEARING   CARRIAGE. 


Structwrdl  parts  oflS-inch  disappearing  carriage — Continued. 

TYPICAL  ANALYSES  OF  CAST  STEEL. 


Heat  number. 

Carbon 
(per  cent). 

Sflicon 
(per  cent). 

Sulphur 
(per  cent). 

Phosphorus 
(per  cent). 

(percent). 

4132 

a46 
.31 
.63 
.46 
.47 
.36 
.37 
.39 
.40 
.42 
.41 

a64 
.68 
.63 
.64 
.44 
.68 
.69 
.68 
.60 
.72 
.73 

a256 
.140 

a  049 
.048 

a  046 
.034 

4158 

4226 

4299 

4437 

4482 

4520 

.235 

.048 

.037 

4662 

4560 

4574 

4587 

BRONZE  NO.  2. 


Fart. 


Bearings 

Bearings 

Bearings 

Bearings 

Bearina 

Equalising  pipe  connection 
Shaft  bushlngB 


Piece 
mark. 


1721 
1732 
1748 
1764 
1774 
1660 
1633 


Tensile 
strength 
(pounds 
persquare 
intih). 


6,2400 
6,0000 

6!l600 
6,9400 
5,9200 
6,2000 
6,0200 


Elonga- 

tiaD(per 

cent). 


20.5 
24.5 
19.0 
17.0 
41.6 

4ao 

41.0 


Contrao- 
tionoT 

area  (per 
cent). 


23.0 
29.5 
23.0 
23.0 
89.6 
33.8 
37.7 


BRONZE  NO.  3. 


Buffer  by-passes. 


1660 


62,000 


4ao 


38.8 


HAIEBUl.   TESTS   FOB   16-INCH    NSAPPEABINO   CABBUGE. 
Stnietund  parti  of  IC^nA  ditappearing  earriage — Continued. 

BBOmSE  NO.  4. 


VA 

Piece 
mark. 

=r 

1 

MM 

3679 
II3MF 

3fOS 

MIS 

3187 
229« 

inao 

3857 
3087 

3au 

303S 
3334 

.s? 

3393 

03,  MO 
81,  WO 

ii 
££: 

li 

S3,S00 
00,400 

sss 

03,000 
83,000 

SS8 

«,900 
S8,M0 

83.000 

i 
i 

031400 
03.300 

S^ 

esKoo 
tilaoD 

I8.B 
43.S 
8B.» 

X.0 

43.S 
36.0 

44:0 

4Z5 

14:  D 

M.i 

11 

4ao 

11 
li 

36.0 

Is 

44.3 

37.  T 
33.8 

2S.1 

Is 

41.8 

!«:« 

3318 

£1 

31.  a 
10.S 

3B.5 

i 

35.7 
33.8 

37:7 

\a,waah- 

is.btub- 

libu.li- 

etaintng 

)Wn.... 

II|dt.M  tun  M  fiau  0»n 

^t^^JT^: 

1 


WIRE  ROPE. 


42461''— 17 7  61 


TENSILE  TESTS  OF  WISE  BOPIT. 

Ropo  prepared  for  testing  with  closed  sockets  at  the  ends. 
All  specimens  had  hemp  cores. 


Description. 


Phosphor  bronze  tiller  rope 

Do> 

Do 

Steel  wire  rope 

Steel  wire  hoisting  rope 

Plow  steel  rope 

Plow  steel  crane  rope 

Do 

Do 

Do 

Steel  wire  rope 

Cast  steel  ho&tlng  rope 

Oast  steel  wire  rope 

Cast  steel  hoisting  rope 

Plow  steel  hoisting  rope. . . 
Plow  steel  crane  rope 

Do 

Do 

Steel  wire  hoisting  rope 

Do 

Do 

Do 

Do 

Do 

Steel  wire  rope 

Steel  wire  hoisting  rope 

Steel  wire  rope 

Plow  steel  crane  rope 

Flow  steel  wire  rope 

Do 

Plow  steel  hoisting  rope. . . 

Do 

Steel  wire  hoisting  rope. . . . 


Nominal 

sIMi 
diameter. 


Indus. 


t 


1.1 

1.35 

1.75 


Length 
between 
sockets. 


Ft.  In. 
3    0 


2 
3 
9 
9 
9 
9 
9 
9 


6 
0 
1 

5 
6 
7 
7 
7 


Actual 

slie. 

diameter, 


Inchet. 
0.35 
.25 
.35 
.38 
.38 
.37 
.38 
.37 
.37 
.38 
.37 
.52 
.52 
.59 
.60 
.58 
.58 
.60 
.58 
.58 
.50 
.60 
.50 
.60 
.81 
.78 
.78 
.89 
.93 
.90 
1.02 
1.24 
1.75 


Number 

of 
strands. 


Rope  was  wound  around  a  li-inoh  bar  with  aods  futtned. 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
6 
8 
8 
8 
8 
8 
8 
6 
0 
6 
8 
8 
8 
8 
6 


Number 
of  wires 

per 
strand. 


U 
U 
3^ 
3^ 
3^ 

3: 

37 

3: 


3: 
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WIEE  ROPE. 


63 


TennU  tests  of  wire  rope — Continued. 


DMcriptkn. 


FhoBpbor  bronae  tilkr  rope. 

Do» 

Do 


8tM]  wire  rope 

Steel  wire  hostiiig  rope. . 


Plow  steel  rope , 

Plow  steel  crane  rope «. 

Do r. , 

Do , 


Steel  wire  rope 

Cast  steel  houttng  rope. 


Cast  steel  wire  rope 

Cast  steel  hoisting  rope. , 

Plow  steel  hoisting  rope. 

Plow  steel  crane  rope .. . 

Do 


Do 

Steel  wire  hoisting  rope. 

Do 

Do 

Do 

Do 


Do. 


Steel  wire  rope 

Steel  wire  hoisting  rope. 


Steel  wire  rope. 


Plow  steel  crane  rope .. . 
Flo  w  steel  wire  rope .... , 

Do r.,... 

Plow  steel  hoisting  rope. 
Do 


Steel  wire  hoisting  rope. 


Diameter 
of  wire. 


/nche*. 
.000 
.009 
.000 


,02^  .027 


,01S-.018 
.015-  .018 

,041-.  044 
,01fr-.030 
,O8a-.037 


,027-. 020 
,02a- .084 


,025-.  032 

032-.042 

025-.082 

,02a-. 034 


,020- .034 

,020-. 034 
,042-.  047 
.034-  .036 

.040- .066 

.048-. 067 
.046-. 040 
,047-.  040 
.052-. 055 
,050-. 075 

,068- .097 


Breaking 
strength. 


Pfmnda. 
1,730 
1,250 
1,170 
9,000 
11,100 

10,900 
10,300 
10,300 
10,600 

11,800 
11,600 
19,000 

19,100 

22,400 

29,900 

22,300 

23,400 

23,300 
21,200 
24,500 
22,800 
23,800 
22,000 

24,400 
40,200 
51,800 

37,500 

58,800 
57,800 
50,100 
68,600 
113,100 

204,000 


Parted. 


4  ropes  at  the  fixture. 

2  ropes  at  the  pin  or  bar. 
4  ropes  at  the  socket. 

3  strands  at  middle  of  length. 

4  strands  13  inches  from  end  of 
socket. 

4  strands  at  middle  of  length. 
3  strands  at  middle  of  length. 
6  strands  at  end  of  socket. 

5  strands  12  inches  from  end  of 
socket. 

5  strands  at  middle  of  length. 
Do. 

inches  from  end  of 


3 


30 


strands 

socket. 
4  strands  12  inches  from  end  of 

socket. 
3  strands  32  inches  ih>m  end  of 

socket. 
3  strands  12  inches  from  end  of 

socket. 

3  strands  24  inches  from  end  of 
socket. 

4  strands  33  Inches  from  end  of 
socket. 

6  strands  at  end  of  socket. 

3  strands  near  middle  of  length. 

5  strands  at  end  of  socket. 

3  strands  at  middle  of  length. 

Do. 

4  strands  12  inches  from  end  of 
socket. 

Do. 
4  strands  at  middle  of  length. 
3  strands  6  inches  ttom.  end  of 
socket. 

3  strands  15  inches  from  end  of 
socket. 

4  strands  at  end  of  socket. 

6  strands  at  end  of  socket. 

5  strands  from  end  of  socket. 
4  strands  at  middle  of  length. 

2  strands  14  inches  from  end  of 

socket. 
2  strands  10  inches  ftom  end  of 

socket. 


/ 


MANILA  ROPE. 
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MANILA  ROPE. 


TENSILE  TESTS  OF  KANILA  SOPE  (3   STRAVD). 

Rope  prepared  for  testing  with  eye  splices  at  the  ends,  and  then 
wetting  the  rope. 


Nominal  sise. 

Length  of 
sample. 

Length 
between 
splices. 

Weight  o( 
sample. 

Breaking 
length. 

Clicumfer- 
enoe. 

Diameter. 

Sectional 
area. 

Diameter. 

Circumfer- 
enoe. 

/nch. 
• 

JnAet. 

Ft.  to. 
18   0 
16    1 
18    0 

FtH. 

b-% 

•  6 
6 
6 
6 
6 
6 
6 
3 

6^ 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

5-6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Lbt.oza. 
0    12 
0     9 
0     8 

Feel. 
29,700 
30,020 
47,520 

Inches. 
L2S 
L20 
1.03 
L17 
L62 
1.81 
2.70 
3.15 
12.40 
11.80 
2.15 
2.20 
2.10 
2.70 
2.50 

/nehet. 

0.89 

.38 

.34 

.37 

.53 

.56 

.84 

1.03 

4.15 

8.90 

.69 

.71 

.60 

.88 

.82 

LOO 

Loa 

1.01 
LOS 
L07 
L45 
1.42 
L42 
L41 
1.41 
L43 
L46 
L48 
L41 
L43 
L58 
L88 
L82 
L82 
2.20 
2.61 
2.46 

aq.  in. 
0.119 
.113 
.091 
.107 
.22 
.246 
.553 
.833 
13.52 
11.94 
.374 
.395 
.       .374 
.606 
.53 
.786 
.82 
.80 
.838 
.90 
L65 
L58 
L58 
L56 
L56 
L60 
L65 
L60 
L66 
L60 
L96 
2.63 
2.60 
2.60 
8.80 
5.85 
4.71 

4- 

( 

18    0 
18    0 
18    0 
18    0 

1     6 
1     6 

3  5 

4  11 

32,720 
40,600 
30,960 
34,368 

1.00 
3.50 
8.50 

18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
18    7 
18    0 
18    0 
18    0 
18    0 
18    0 

50     0 
2     2 
2     5 

24,830 
28,800 
33,456 

2.00 
2.00 
2.00 
2.50 
2.50 
3.00 
3.00 
3.00 
3.00 
3.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.50 
5.00 
5.00 
5.00 
6.00 
7.00 
7.00 

2  4 

3  2 

4  5 

4  9 

5  0 
4    15 

81,000 
29,370 
80,000 
29,970 
32,752 
31,840 

3.10 
3.26 
3.20 
3.20 
4.40 
4.20 
4.18 
4.15 
4.82 
4.35 
4.40 
4.34 
4.25 
4.34 
4.75 
5.65 
5.40 
5.35 
6.75 
7.96 
7.30 

9     0 
8     4 
8     4 
8     1 
8     6 
8     6 
.•■••».••• 

29,110 
32,700 
32,200 
81,200 
30,300 
30,080 

18    0 
18    0 
18    0 
18    0 
18    0 
18    0 
17    8 

13     0 
12    14 
12     4 
18    12 
25      8 
25     8 

80,870 
80,330 
26,150 
31,970 
29,080 
82,800 

MANILA  BOPE. 
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Tensile  tests  of  Manila  rope  (S  strand) — Continued. 


Nominal  sJse. 

Tensile  stiength. 

Parted. 

Stress 

DJameter. 

Cimiinfer- 
ence. 

Load. 

(pounds 

per  square 

inch). 

Inch. 

Inches. 

Poundt. 

Pound*. 

2,200 

10,084 

1  strand  at  the  splice. 

1,400 

12,390 

1  strand  18  Inches  from  end  of  splice. 

1|320 
1.500 

14,500 
14,018 

1  strand  12  inches  from  end  of  splice. 
1  strand  15  inches  from  end  of  splice. 

: 

: 

■ 

2,500 
3,100 

11,360 
12,600 

1  strand  21  inches  from  end  of  splice. 
1  strand  7  inches  from  end  of  snlice. 

^ 

5,700 

10,300 

1  Strand  27  inches  from  eye. 

1.00 

8,700 

10,444 

1  strand  at  end  of  splice. 

3.50 

105,000 

7,766 

Do. 

3.50 

81,400 

6,817 

1  strand  in  the  splice. 

2.66 

3,400 

9,000 

1  strand  at  the  splice. 

2.00 

4,300 

10,886 

1  strand  in  the  middle. 

2.00 

4,000 

10,605 

1  strand  at  end  of  splice. 

2.50 

0,200 

10,197 

1  strand  5  inches  from  end  of  splice. 

2.50 

5,100 

0,622 

1  strand  8  Inches  from  end  of  splice. 

8.00 

7,200 

9,170 

1  strand  13  inches  from  end  of  splice. 

8.00 

7,600 

9,268 

1  strand  19  inches  from  end  of  splice. 

8.00 

9,100 

11,375 

1  strand  at  the  splice. 

8.00 

8,600 

10,324 

1  strand  at  end  of  splice. 

8.00 

9,000 

11,000 

Do. 

4.00 

14,100 

8,545 

1  strand  at  the  splice. 

4.00 

15,000 

9,490 

1  strand  10  inches  from  end  of  splice. 

4.00 

14,800 

9,360 

1  strand  16  inches  from  end  of  splice. 

4.00 

13,000 

8,910 

1  strand  14  inches  from  end  of  splice. 

4.00 

14,100 

9,038 

1  strand  18  inches  from  end  of  splice. 

4.00 

14,000 

8,750 

1  strand  11  inches  from  end  of  splice. 

4.00 

12,200 

7,393 

1  strand  13  inches  from  end  of  splice. 

4.00 

13,000 

8,125 

2  strands  17  inches  from  end  of  splice. 
1  strand  31  inches  from  end  of  splice. 

4.00 

13,300 

8,625 

4.00 

12,700 

7,937 

1  strand  36  inches  from  end  of  splice. 

4.50 

15,600 

7,959 

1  strand  28  inches  from  end  of  splice. 

5.00 

22,300 

8,479 

1  strand  at  the  splice. 

6.00 

81,700 

8,346 

1  strand  15  inches  from  end  of  splice. 

5.00 

17,800 

6,846 

1  strand  14  inches  from  end  of  splice. 

6.00 

83,300 

8,763 

1  strand  18  inches  from  end  of  splice. 

7.00 

41,200 

7,700 

1  strand  at  the  splice. 

7.00 

35.100 

7,452 

1  strand  in  the  splice. 

WOOD. 


00 


TRAirSVEBSE  TESTS   OF  ASH  FOB  WATEBTOWV    ABSEVAI. 

All  specimens  supported  24  inches  apart  and  loaded  at  the  middle. 


Num- 
ber. 


1 
2 
3 
4 

6 

6 

7 

8 

0 

10 

11 

12 


liaterial. 


NewEnciand  white  ash . 

AtkaiUMMh 

. . . .  .do 

.....do 

New  England  white  aah. 

Arkansas  ash 

Western  ash 

Aikansasash. 

.....do 

.....do 

.....do 

do 


Diniensioos. 


Length. 


88.00 
28.00 
29.00 
29.00 
28.00 
28.00 
85.06 
20.00 
29.00 
20.00 
29.00 
29.00 


Width. 


2.65 
2.68 
2.50 
2.61 
2.66 
2.68 
2.50 
2.50 
2.50 
2.60 
2.48 
2.50 


Depth. 


2.68 
2.64 
2.50 
2.51 
2.58 
2.64 
2.50 
9L50 
2.50 
2.60 
2.50 
2.50 


Ultimate  strength. 

Modnhis 

Total 

ofruptore 

load 

(pounds 

per  square 
ixioh). 

Pirnndt. 

5,100 

11,250 

5,000 

12,854 

8,500 

8,000 

8,550 

8,060 

5,100 

11,260 

5,000 

12,864 

4,800 

9,900 

6,268 

^122 

4,284 

9,870 

4,896 

11,280 

*'^S 

9,713 

4,488 

10,840 

70 
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tevshe  tests  of  blue  avd  bbowv  pbivt  papeb. 

Strips  1  inch  wide  were  cut  from  the  paper  in  the  rolling  direction, 
or  Ibngitudinally. 

Length  of  samples  over  all,  6^  inches.  Length  between  damps, 
3  inches. 

Paper  tested  both  in  the  exposed  and  in  the  unexposed  state. 

Specificationifor  hlue-pnnt  paper. 

(Blu»-iMint  pap«r  to  be  about  0.0042  inch  thick,  and  poflsess  a  tonsile  strength  of  not  less  than  6,000poimdB 
.     per  aquare  inoh.    Test  strips  to  be  1  inch  wide  and  cut  in  the  rolling  direction  of  the  pafMr.] 

UNEXPOSED  SAMPLES. 


Samples. 

Sec 
tional 
area. 

Tests. 

Tensile 
strength 

Width. 

Thick- 
ness. 

1 

2 

3 

Mean. 

A 

B 

C 

D 

E 

F 

0. :..... 

H 

J 

L 

InA. 
1.00 
1.00 
1.00 
1.00 
1.00 
LOO 
LOO 
LOO 
LOO 
LOO 

Imek. 
a  0047 
.0043 
.0068 
.0041 
.0061 
.0062 
.0060 
.0067 
.0046 
.0062 

5f .  In. 

a  0047 
.0043 
.0068 
.0041 
.0061 
.0062 
.0060 
.0067 
.0046 
.0062 

Lbt^Ou, 

26      6 
SO     9 
26    12 

22  13 

23  8 
26     9 
30    12 
22     6 
28     A 
21      2 

Lbt,Ozi. 
24    14 
28      4 
26      4 

21  13 

26    1^ 

20  6 

22  4 
28     0 

21  15 

Lbt,Ots. 
24      1 
29     5 
26     4 
21      2 
23     0 
26     0 
31      8 
21    16 
28     2 
21    16 

Lbt.O» 
24    12 

29  0 
26    12 
21    16 
23     7] 
26    16 

30  8 

28     9 

21  lo! 

1. 

PoundM, 
6,260 
6,830 
4,860 
6,360 
4,500 
4,990 
6,460 
3,880 
0,120 
4,100 

EXPOSED  SAMPLES. 


A 

LOO 

a0060 

aoo6o 

24      8 

24    13 

24     6 

24     9 

4,910 

B 

LOO 

.0046 

.0046 

27    13 

29     1 

29    12 

28    14 

0,410 

C 

LOO 

.0064 

.0064 

26     3 

26     2 

24      1 

26     2 

4,-060 

D 

LOO 

.0042 

.0042 

23     3 

21      0 

21      2 

21  m 

6,180 

E 

LOO 

.0063 

.0053 

22     4 

24     0 

23    12 

23     5{ 

4,400 

F 

LOO 

.0063 

.0063 

24    13 

22    14 

24     0 

23    14{ 

4,600 

0 

LOO 

.0068 

.0058 

29     8 

29    18 

30     2 

29    18 

*'1!S 

H 

1.00 

.0060 

.0000 

23     6 

24     6 

26     4 

24     6 

4,062 

J 

LOO 

.0048 

.0048 

31    12 

32     0 

30     8 

31     M 

0,640 

K 

LOO 

.0052 

.0052 

23    12 

26     8 

23    12 

24    lot 

4,740 

L 

• 

LOO 

.0053 

.0053 

22    11 

23    10 

22    10 

22    161 

4,830 

72 


PAPER. 


73 


Specifioat!ionsfor  brovm-print  paper, 

[Brown-print  paper  to  be  about  0.003  inch  thick,  and  poasess  a  tensile  strength  of  not  less  than  7,00( 
per  square  inch.    Test  strips  to  be  1  inch  wide  and  out  from  paper  m  the  ndling  direction.l 

UNEXPOSED  SAMPLES. 


,000  pounds 


Samples. 


A 

B 

C. 

E 

F 

G 

H 

J. 

K 

L 


Dimensions. 

See- 
Uonal 

Tests. 

Width, 

Thick- 
ness. 

area. 

1 

2 

IfidL 

/ndk. 

89,  in. 

Lb9,0zt. 

Lb8.0u. 

1.00 

a0037 

a0O27 

11  11 

11  1 

1.00 

.0031 

.0031 

17  0 

16  15 

1.00 

.0030 

.0080 

20  8 

20  11 

1.00 

.0080 

.0030 

19  4 

20  1 

1.00 

.0030 

.0080 

21   8 

20  2 

1.00 

.0038 

.0028 

14  11 

14  12 

1.00 

.0038 

.0038 

19  14 

19  11 

1.00 

.0032 

.0033 

19  2 

18  10 

1.00 

.0038 

.0038 

23  13 

23   7 

1.00 

.0020 

.0020 

18  13 

19  11 

3 


Lb8.0z8. 

11  4 

17  14 
21  9 

20  10 

21  8 
16  0 
19  2 

18  15 
26  2 
18  12 


Mean. 


11  51 

17  4, 
20  14; 
19  7 
21 

14  13 

19  9 

18  141 
24  71 

19  ll 


Tensfle 

strength 

per«quare 

inch. 


Pounii. 
4,190 
5,560 
6,960 
6,490 
7,010 
5,290 
5,140 
5,900 
6,430 
6,580 


EXPOSED  SAMPLES. 


A 

B 

C. 

E 

F, 

O 

H 

J. 

K 

L. 


1.00 

a0027 

0.0027 

12  0 

11   8 

1.00 

.0033 

.0033 

18  13 

19  8 

1.00 

.0030 

.0030 

23  6 

22  13 

1.00 

.0032 

.0032 

19  2 

19  10 

LOO 

.0030 

.0030 

20  6 

19   8 

LOO 

.0028 

.0028 

14  15 

15  8 

LOO 

.0035 

.0035 

20  12 

20  4 

LOO 

.0030 

.0030 

20  4 

20  11 

LOO 

.0038 

.0088 

24  15 

25  9 

LOO 

.0031 

.0031 

20  8 

21   5 

11  5 

18  9 

21  3 

18  13 

19  7 
16  1 

19  14 

20  12 
24  11 
20  14 
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TESTS  TO  ASCEBTAIV  THE  PBESSTTBE  BEQUIBED  TO  FOBCE 
OUT  THE  BALIS,  MATBIX,  AHD  SHBAPHEL  HEAD  FBOM 
FIFTEEH  4.7-IHCH  SHBAPHEL  CASES. 

These  tests  were  made  in  the  large^  Emery  testing  machine.  The 
test  cases  were  held  by  rotating  band  seat  m  a  special  hollow  anvil 
and  the  pressure  applied  to  a  plunger  resting  against  the  contents 
and  extending  through  the  cases. 

Cases  1  to  5,  inclusive,  had  all  of  the  threads  on  the  head. 

Cases  6  to  10,  inclusive,  had  half  of  the  threads  on  the  head. 

Cases  11  to  15,  inclusive,  had  no  threads  on  the  head. 

All  heads  were  pinned  to  the  case. 


Marks. 

Pressun 
reqolrea 

(pounds). 

1 

28,800 

2 

39,100 

3 

50,200 

4 

75,600 

6 

111,500 

6 

26,200 

7 

47,500 

8 

42,600 

9 

21,300 

10 

16,900 

11 

7,800 

12 

10,700 

13 

8,700 

14 

12,300 

15 

13,200 

Manner  of  l&llure. 


Sheared  1  pin,  tore  out  other  pinhole,  and  sheared  tops  of  threads  in  head. 
Sheued  both  pins  and  tope  of  threads  in  head. 

Do. 
Head  not  pinned  to  case;  sheared  tops  of  threads  In  head. 
Sheared  1  pin,  tore  out  other  pinhole  and  sheared  tops  of  threads  in  head. 
Sheared  1  pin,  tore  out  other  pin,  and  sheared  tops  of  tlueads  in  head. 
Pins  not  eflectlve;  pinholes  too  near  edge  of  head;  sheared  tops  of  threads  In 
head. 

Do. 
Sheared  both  pins  and  threads  in  bead. 
Sheared  both  pins  and  tops  of  threads  in  liead. 
Sheared  1  pin;  bent  the  tnhi  portion  of  head  at  opposite  side,  and  dragged  phi 

through  nole  in  case. 
Shearea  1  pin,  tore  out  both  pinholes  in  head. 

Do. 
Tors  out  both  pinholes  in  head. 
Sheared  both  pinholes  in  head. 
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TESTS  OF  BOHBB  PLATE. 

Tlie  object  of  these  tests  was  to  secure  information  to  aid  in  de- 
signing riveted  joints,  particularly  with  reference  to  the  stren^h 
along  the  diagonal  lines  between  rows  of  rivets,  or,  that  is,  determme 
what  the  minimuTn  distance  between  rows  may  be  in  order  to  make 
sure  that  the  j  oin  t  will  fail  through  the  net  section  along  the  line  of  rivets 
in  one  row,  rather  than  along  the  zig-zag  diagonal  lines.  The  test 
specimens  were  prepared  by  the  International  Engineering  Works, 
under  the  direction  of  life.  Jf.  W.  F.  Macdonald. 

The  first  10  specimens  were  arrang:ed  with  a  constant  net  section 
of  material  4  inches  wide  by  f  inch  thick,  only  with  the  lines  through 
this  net  section  placed  at  different  angles  to  the  line  normal  to  stress, 
varying  from  0  to  90°  in  increments  of  10°.  The  purpose  of  this 
series  of  10  was  to  secure  data  so  as  to  plot  a  curve  givm^  the  relative 
strength  of « the  material  for  the  different  angles,  from  wnich  the  pro- 
portion of  metal  necessary  along  the  diagonal  lines  could  be  found 
directly. 

Specunens  Nos.  11  to  21,  inclusive,  were  arranged  with  holes 
representing  two  or  more  rows  of  rivets  spaced  at  different  distances 
apart,  that  is,  with  varying  proportions  between  the  net  amount  of 
material  alon^  the  dia^nal  lines,  and  that  straight  across  between  the 
two  holes  in  the  same  line.  These  specimens  were  arranfi:ed  in  groups 
with  Nos.  11,  12,  13, 14,  and  15  having  the  same  pitch  of  4  inches  and 
representing  what  would  be  typical  spacing  in  the  inner  rows  of 
riveted  joints.  Nos.  16,  17,  and  18  represent  the  rivet  holes  in  the 
two  outer  rows  of  the  ordinary  type  of  quadruple  butt  joint  with  an 
outer  pitch  of  15  inches.  Nos.  19,  20,  and  21  represent  the  rivet 
holes  mside  the  calking  edge  of  the  saw-tooth  type  of  quadruple 
butt  joint  with  an  outer  pitch  of  12  inches.  The  comparison  of  metal 
in  each  was  as  follows: 

Specimen  No.  11  area  section  diagonallyaBlOD  per  cent  area  sectdon  straight  across. 
Specimen  No.  12  area  section  diagonally =112}  per  cent  area  section  straight  across. 
Specimen  No.  13  area  section  diagonally»120  per  cent  area  section  straignt  across. 
Specimen  No.  14  area  section  diaionally»133}  per  cent  area  section  straight  across. 
Specimen  No.  15  area  section  diagonally»150  per  cent  area  section  strai^nt  across. 
Specimen  No.  16  area  section  diagonaUy«98  per  cent  area  section  straight  across. 
Specimen  No.  17  area  section  diagonaUyalOS  per  cent  area  section  straight  across. 
Specimen  No.  18  area  section  diagonally=110  per  cent  area  section  straight  across. 
Specimen  No.  19  area  section  diagonally=112}  per  cent  area  section  straight  across. 
Specimen  No.  20  area  section  diagonally»133}  per  cent  area  section  straight  across. 
Specimen  No.  21  area  secti<m  diagonaUy=150  per  cent  area  section  straight  across. 

Specimen  No.  16  is  typical  of  actual  conditions  often  found  in  the 
regular  desim  of  quadruple  butt  joints  used  throughout  the  United 
States,  in  which,  in  many  cases,  tnere  is  actually  less  material  along 
the  diaj^onal  lines  between  the  two  outer  rows  tnan  directly  between 
rivets  m  the  outer  row,  a  condition  given  no  consideration  in  the 
various  rules  for  calculating  such  jointo. 
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YHiere  the  same  thickness  of  plate  was  used,  test  specunens'were 
all  cut  from  the  same  slab,  so  as  to  have  as  uniform  conditions  as 
possible.  It  will  be  noted  that  the  actual  results  in  the  first  10  speci- 
mens showed  remarkable  imiformitiir,  particularly  with  reference  to 
the  yield  point  as  indicated  by  the  mst  scaling  of  the  plate  and  drop 
of  the  beam. 

Tables  No.  1  and  No.  2  sive  the  dimensions  of  specimens  ultimate, 
loads,  loads  per  square  incn,  etc. 

Curves  No.  1  and  No.  2  wereplotted  with  the  ultimate  strength  and 
yield  point  as  ordinates  and  different  angles  as  abscissae.  From  these 
curves,  it  will  be  noted  that  the  strength  per  square  inch  dropped  off 
almost  uniformly  as  the  angle  increased;  or,  that  is,  as  the  conditions 
varied  from  direct  tension  U>  direct  shear. 

Curve  No.  3  was  plotted  to  represent  the  ultimate  strength  for  each 
angle  in  per  cent  of  the  strength  of  the  same  section  normal  to  stress. 

Curve  No.  4  represents  the  increase  in  area  of  section  necessary 
so  that  it  will  equal  the  strength  of  section  normal  to  stress.  For 
example,  if  the  an^le  which  the  diagonal  lines  make  with  the  line  along 
the  row  of  rivets  is  30^,  the  results  of  these  tests  would  indicate  that 
the  area  of  material  diagonally  should  be  increased  20  per  cent.  This 
curve  can  be  used  directly  as  a  guide  in  the  design  of  almost  any 
riveted  structure  using  staggered  rows  where  it  is  necessary  to  deci^ 
on  a  proper  diagonal  pitch. 

Specimen  No.  11,  in  which  the  area  diagonally  just  equalled  that 
straight  across  between  rivets,  failed,  as  was  expected,  diagonally 
through  the  three  holes. 

Specimen  No.  12  showed  up  stronger  along  the  line  straight  across 
between  the  two  holes  than  would  be  indicated  from  the  results 
found  in  the  first  10  specimens,  the  ultimate  failure  being  straight 
across.  If,  however,  the  specimens  were  prepared  with  a  riveted 
connection,  where  the  holes  were  forced  to  retain  their  full  width  and 
the  metal  prevented  from  flowing;  to  as  great  an  extent  as  it  did  as 
shown  by  the  elongation  of  the  holes  along  the  line  of  stress  and  con- 
tracting transversdy,  thff  results  would  probably  have  a^eed  more 
closely  with  the  plotted  curve.  Again,  in  these  qyecimens,  the 
material  was  given  more  opportunity  to  stretch  where  its  continuity 
was  not  whol^  broken,  than  if  the  stress  was  transferred  from  one 
plate  to  the  other  by  means  of  rivets  as  shown  in  figures  No.  1  and 
No.  2. 

Specimen  No.  13  was  watched  with  especial  interest  as  the  propor- 
tions conformed  to  that  required  as  a  minimum  by  the  Canadian 
Rules,  and  also  the  recent  A.  b.  M.  E.  Code.  Here  again  the  material 
showed  up  a  little  stronger  diagonally  than  indicated  oy  the  curve  No. 
4,  probably  for  the  same  reason  already  referred  to. 

Specimens  Nos.  14  and  15,  as  was  expected,  broke  directly  across, 
thd  third  hole  showing  less  deformation  as  the  proportion  of  material 
increased  diagonally. 

Specimen  No.  16  failed  along  the  diagonal  lines — that  is,  broke 
through  the  three  holes  and  at  an  ultimate  load  far  below  what  would 
be  the  calculated  strength  according  to  the  methods  used  in  the 
various  boiler  rules. 

Specimens  Nos.  17  and  18  each  failed  straight  across  between 
the  two  holes,  although  the  material  around  the  central  hole  in  No. 
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17  was  very  much  distorted.  These  results  again  showed  up  stronger 
diagonally  than  would  be  indicated  by  curve  No.  4.  The  distance 
between  rows,  however,  in  both  of  these  specimens  was  much  greater 
than  the  usual  dimensions  in  practice,  the  back  pitch  in  No.  18 
probably  being  too  wide  for  practical  use. 

Specimens  Nos.  19,  20,  and  21  all  failed  straight  across  between 
the  two  outer  holes.  The  holes  in  No.  19  Were  very  much  distorted 
before  ultimate  failure,  and  if  the  same  proportions  were  used  in  an 
actual  joint  it  would  probably  fail  diagonally,  as  shown  in  other 
tests  wnich  have  been  made  on  complete  riveted  specimens  of  this 
design. 

Another  feature  to  be  noted  in  these  tests  was  that  in  several  of 
the  samples  which  failed  straight  across,  the  yield  point  as  indicated 
by  the  first  scaling  of  the  plate  was  first  very  clearly  shown  along 
the  diagonal  lines,  which  under  the  conditions  would  perhaps  be 
the  proper  criterion  for  judging  the  weakest  section. 


Flg.l. 


IF 


t 


Hiy^ 


t 


% 
3 
4 


Fig.  2. 

Another  important  point  to  be  noted  is  that  in  the  narrow  speci- 
mens Nos.  12,  13.  14,  and  15,  with  a  4-inch  pitch,  the  ultimate 
strength  came  fully  up  to  that  which  might  be  expected  from  the 
mill  test  report  reproduced  in  Table  No.  3,  but  as  the  specimens 
grew  wider  they  fell  far  below.  In  spjecimens  Nos.  19,  20,  and  21 
the  calculated  strength  as  compared  with  the  solid  plate  should  be 
92.1  per  cent,  but  actually  was  only  87.3  per  cent,  87.5  per  cent, 
and  89.5  per  cent,  and  in  specimens  Nos.  16,  17,  and  18,  where  the 
strength  should  be  94.1  per  cent  of  the  soUd  plate,  it  actually  was 
only  81  per  cent,  84.6  per  cent,  and  83.1  per  cent. 

In  general,  these  tests  will  perhaps  open  up  the  way  for  further 
research  along  this  line,  and  for  the  present  curve  No.  4  should 
give  a  good  basis  for  proportion  in  this  question  of  back  pitch. 
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Table  No.  1. — Mesulu  of  tats  made  at  Watertown  Arunal,  Apr.  10, 1916,  ipedmens  1 

to  10,  inclvMve, 


DlmfflisVins  of  net 
section. 

An£le 

which 

line 

Yield  point. 

Ultimate  Strength. 

Increase 
in  area 

Ultimate 
strength 

of 
section 

through 

in 

necessary 

No.  of 

spect 

net 
section 

percent 
of 

so  that 
it  will 

makes 

Load 

Load 

Load 

Load 

strength 

equal 
the 

men. 

Width. 

Thick- 

Area. 

with 

on 

per 

on 

per 

ness. 

line 

speci- 

square 

speci- 

square 

section 

streiu;th 

normal 

men. 

inch. 

men. 

inch. 

normal 

to 

to  stress. 

section 

stress. 

normal 
to  stress. 

Inekes. 

Inch. 

8q.  in. 
1.52 

Degrtet, 

Pound*. 

Pottfidf. 

PmniM. 

Pottiuif. 

Percent. 

Percent. 

1 

4.0 

0.38 

0 

62,200 

41,800 

96,400 

63,400 

100.0 

0 

2 

4.0 

.30 

1.56 

10 

57,100 

36,600 

92,700 

59,400 

93.6 

6.8 

3 

4.0 

.38 

1.52 

20 

51,100 

33,600 

87,400 

57,500 

90.7 

10.2 

4 

4.0 

.38 

1.52 

30 

45,000 

29,600 

81,000 

53,300 

84.0 

19.0 

6 

4.0 

.30 

1.60 

40 

40,500 

25,900 

78,100 

50,100 

79.0 

26.5 

6 

4.0 

.30 

1.56 

50 

37,500 

24,000 

74,900 

48,000 

76.7 

32.1 

7 

4.0 

.39 

1.66 

60 

32,800 

21,000 

71,000 

45,500 

71.7 

39.4 

8 

4.0 

.39 

1.56 

70 

29,200 

18,700 

70,500 

45,200 

7L2 

40.4 

0 

4.0 

.88 

1.52 

80 

27,900 

18,350 

71,900 

47,300 

T74.6 

T34.0 

10.... 

4.0 

.88 

1.62 

90 

26,900 

17,700 

63,100 

41,500 

6&5 

52.7 

Table  No.  2. — Results  of  tests  Tt^ade  at  Watertown  Arsenal  Apr.  10,  1915,  specimens  11 

-    to  21,  incltisive. 


1 

1 

No.  of 
speci- 
men. 

Dimensioiis  of  net  sec- 
tion normal  to  stress. 

Dfaneosions  of  diagonal 
sections. 

J — 

Angle 

whIiS 
diagonal 

center 
line 

makes 
with  line 

normal 
to  stress. 

Area 
through 
section 
along  * 

diagonal 
Ifaiesin 
percent 

of  section 
normal 

to  stress. 

Yield  pofait. 

Width. 

Thick- 
ness. 

Area. 

Total 
length. 

Thick- 
ness. 

Area. 

Load 

on 
specimen. 

Load  per 

square 

inch. 

/iieh. 

Inch. 

8q.  in. 

Inch. 

Inch. 

Sq.  in. 

o         / 

Per  cent. 

Pound*. 

Pound*. 

11.... 

3.06 

0.52 

1.60 

3.06 

0.52 

L50 

35    56 

100 

44,000 

27,700 

12.... 

3.06 

.52 

1.59 

3.44 

.52 

L79 

41    45 

112ik 

44,200 

27,800 

13.... 

3.06 

.52 

1.59 

3.68 

.52 

L91 

44    0 

120 

48,000 

30,200 

14.... 

3.06 

.52 

1.59 

4.06 

.52 

2.12 

47    51 

133i 

50,000 

31,400 

16.... 

3.06 

.61 

1.66 

4.68 

.51 

2.34 

51    45 

150 

61,700 

.   33,100 

16.... 

14.12 

.46 

6.35 

13.91 

.45 

6.26 

16    42 

96 

204,000 

32,600 

17.... 

14.12 

.44 

6.21 

14.83 

.44 

6.52 

25    12 

106 

224,000 

36,100 

18.... 

14.12 

.44 

6.21 

15.53 

.44 

.   6.83 

29    46 

110 

222,000 

36,700 

19.... 
20 

11.06 
n.06 

.61 
.61 

5.64 
5.64 

1Z46 
14.74 

.51 
.51 

6.36 
7.62 

/    41    45\ 
\   61     10/ 

J  <7   5n 

\   56    16f 

112} 
133i 

160,000 

28,400 

21.... 

11.06 

.51 

5.64 

16.69 

.61 

8.46 

/   61    45\ 
\   59    30/ 

160 

177,000 

31,400 

1 

Efficiency  of  section  as 

Ultimate  strength. 

compared  with  solid 
plate  and  mill  test 

No.  of 
speci- 

report. 

Remarks. 

men. 

Load  per 

Theoretical 

Actual 

Load  on 

based  on 

from 

specimen. 

square 
inch. 

Massachu- 

ultimate 

setts  niles. 

strength. 

Pound*. 

Pound*. 

Per  cent. 

Per  cent. 

11.... 

91,000 

57,300 

76.5 

76.7 

Fractured 

along  diagonal  lines, 
straight  across. 

1?.... 

04,500 

59,400 

76.6 

78.  G 

Fractured 

13.... 

96,400 

60,500 

76.5 

80.2 

Do. 

14.... 

101,000 

63,600 

76.6 

84.0 

Do. 

16.... 

96,600 

63,200 

76.6 

83.6 

Do. 

16.... 

324,000 

51,900 

94.1 

81.0 

Fractured 

along  diagonal  lines. 

17.... 

331,200 

53,300 

94.1 

84.6 

Fractured 

straight  across. 

18.... 

325,400 

52,400 

94.1 

83.1 

Do. 

19.... 

306,800 

54,800 

92.1 

87.3 

Do. 

20.... 

309,400 

54,900 

92.1    ;           87.5 

Do. 

21.... 

310,500 

ST.,  000 

92.1     1            89.5 

Do. 
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Tablb  No.  3. — Manvfacbvarer'9  report  on  matervd  wed  m  theee  teeie. 


Slab  number. 


M68a. 
9968  J.. 
0683  H. 


Spedmen. 


Width. 


/nek. 

a  1725 

.  1915 

.1816 


Tfaick- 


Inek. 

asso 

.447 
.515 


Area. 


8q.in. 

a656 
.856 
.036 


Elastic 

limit 

por 

aquare 
inoh. 


36,660 
38,090 
36,160 


Tensile  strength.! 


Load. 


Poundc. 
39,100 
50,800 
54,000 


Per 

square 

inch. 


Pomrnit. 
69,680 
50,340 
57,760 


Elooca- 

tionm 

8  inches. 


PereenL 
80.0 
38.0 
39.5 


Ooiitno- 
tion 


Per  tent. 
60.3 
60.7 
57.2 


Slab  number. 


9966  0. 
9968  J.. 
9663  H. 


Plate. 


AU  plates  (-inch  thick.. 
All  plates  ^inch  thick.. 
AU  plates  ihich  thick.. 


Chemical  propsrties. 


c. 


a  17 

.17 
.18 


a36 

.36 
.44 


S. 


a023 
.028 
.080 


a  018 

.018 
.012 


1  Fiieboz,  54,000  pounds  per  square  inch. 

Samples  of  the  above  withstood  the  cold  and  quench  bending  tests 
without  fracture. 
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COMPARISONS  OF 
LONGITUDINAL  AND  TRANSVERSE  STRENGTHS 

OF  ROLLED  FLAT  BARS. 
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LOVOITTrDnrAL  AVD  TRAVSYBltSE  TESTS  OF   COKMEBCIAL 

BOILED  FLAT  BAB  STOCK. 

A  piece  8  inches  long  was  cut  from  a  12-foot  bar  of  1  by  5  inches 
machinery  steel  and  test  pieces  were  cut  longitudinally  and  trans- 
versely, as  shown  in  sketch.  These  specimens  were  tested,  with  the 
results  shown  in  table  below: 


IL 

3 
T 

2 
T 

1 
T 

2L 

3L 

Marks, 


1(.S.1L 
1I.8.2L 
M.  B.  8  L 
M.  8. 1 T 
1L8.2T 
1L8.3T, 


Yield 

Tcoille 

tion 

point  per 

sbnogQipet 

Ekmgap 

aqmn 
inoh. 

aqvan 
foxh. 

tion. 

of  ares. 

Pimndi. 

Ptmndt. 

PereeiU. 

PereenL 

40»M0 

BS,$0O 

86.0 

67.0 

89,000 

65,500 

86.0 

67.0 

38,000 

56^500 

87.0 

67.0 

87,000 

56,500 

80.5 

49.1 

86,000 

55,500 

81.0 

49.1 

86,000 

56,000 

83.5 

51.9 

The  results  obtained  in  the  tensile  tests  confirm  previous  experi- 
ments along  this  line.  The  transverse  specimens;  that  is,  those 
taken  across  the  direction  of  rolling,  have  practically  Uie  same 
elastic  limit  and  tensile  strength  as  those  taken  along  Uie  direction 
of  rolling,  but  the  former  are  lower  in  elongation  and  contraction 
of  area  than  the  latter. 

Miorophotographs  along  and  across  the  direction  of  rolling  are 
appended.  They  show  the  stock  to  be  medium-fine-grained  low- 
carbon  steel.  The  manner  in  which  the  slag  has  been  drawn  out  by 
rolling  is  shown  in  micro  No.  2.  This  micro  also  reveals  a  ghost 
line,  in  which  it  will  be  noted  the  ferrite  grains  are  quite  equiaxed. 
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ALTESNATIirO   STBESS   TESTS  OF   FOUS   l-IITCH-DIAHETES 

BASS  TAKEir  FSOH  BAILS. 

Length  of  bars  over  all,  38  inches. 
Diameter  of  bars,  i  inch. 

Deflections  measured  on  two  elements  (A  and  B),  1*80°  apart,  and 
over  a  length  of  10  inches. 

BAB  A.—LABOBATOBY  NtJHBEB  14645. 

Section  of  head  marked  C. 

O.  H.  100-pound  rail,  heat  No.  17360,  rolled  April,  1910. 

From  spare  rail  post.    Rail  has  not  been  in  service. 

Heat  analysia. 

C 0.88 

P 035 

S .037 

Mn 88 

Check  ancUyiM. 

c n 

p  /  .037 

^ 1  .040 

s  /  021 

^ 1  .030 

Mn 1:^ 

TEST   OF   BAR. 

Speed,  500  revolutions  per  minute. 

Length  C.  to  C.  of  end  bearings,  33  inches. 

Diameter  of  bar,  1  inch. 

Loaded  over  4  inches  at  middle. 

Fiber  stress  at  start,  10,000  pounds  per  square  inch. 

Bar  was  not  very  straight;  had  to  be  straightened  before  testing. 

Deflection  for  10,000  pounds  per  square  incn  fiber  stress  on  element 

A,  0.0081  inch. 

Deflection  for  10,000  pounds  per  square  inch  fiber  stress  on  element 

B,  0.0083  inch. 

The  bar  was  then  run  for  2  minutes,  or  1 ,000  revolutions,  and  the 
measured  deflections  for  10,000  pounds  per  square  inch  fiber  stress 
were:  Element  A,  0.0082  inch;  efementB,  0.0083  inch. 

The  fiber  stress  was  then  increased  to  20,000  pounds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0165  mch; 
element  B,  .0162  inch. 

The  bar  was  run  two  minutes,  or  1 ,000  rotations,  at  this  fiber  stress 
of  20,000  pounds  per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,0.0165  inch;  element  B,  0.0162  inch. 
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The  fiber  stress  was  then  increased  to  30,000  pounds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0246  mch; 
element  B,  0.0244  inch. 

The  bar  then  rested  over  night. 

The  bar  was  then  run  two  minutes,  or  1 .000  rotations,  at  this  fiber 
stress  of  30,000  pounds  per  square  inch,  alter  which  deflections  were 
measured  as  follows:  Element  A,  0.0244  inch;  element  B,  0.0244  inch. 

The  fiber  stress  was  then  increased  to  40,000  pounds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0328  inch; 
element  B,  0.0326  inch. 

The  bar  w^s  run  two  minutes,  or  1,000  rotations,  at  this  fiber  stress 
of  40,000  pounds  ,per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,  0.0327  inch;  element  B,  0.0325  inch. 

After  7,000  rotations  the  bar  was  allowed  to  rest,  as  it  was  running 
hot.    Water  was  then  run  on  bar  to  keep  it  cool. 

At  71,200  rotations  the  bar  rested  over  night. 

After  200,000  revolutions,  and  at  a  fiber  stress  of  40,000  poxmds 
per  square  inch,  deflections  were  measured  as  follows:  Element  A, 
0.0323  inch;  element  B,  0.0320  inch. 

After  200,000  rotations  the  bar  rested  one  week. 

After  200,000  rotations,  after  resting  one  week,  and  at  a  fiber  stress 
of  40,000  pounds  per  square  inch,  the  deflections  were  as  follows: 
Element  A,  0.0322  mch;  element  B,  0.0322  inch. 

At  371,800  rotations  the  bar  rested  eight  days. 

At  457,000  rotations  the  bar  rupturea  at  the  south  edge  of  south 
middle  bearing,  outside  of  the  middle  bearings. 

BAB  B.— 46206  A. 

Laid  November,  1912.    Removed  February  14,  1914. 

TEST  OF  BAB. 

Speed.  500  revolutions  per  minute. 

Lengtn  C.  to  C.  of  end  bearings,  33  inches. 

Diameter  of  bar,  1  inch. 

Loaded  over  4  inches  at  middle. 

Fiber  stress  to  start,  10.000  pounds  per  square  inch. 

Bar  not  very  straight;  nad  to  be  straightened  before  testing. 

Deflection  for  10,0W)  pounds  per  square  inch  fiber  stress  on  element 

A,  0.0081  inch. 

Deflection  for  10,000  poimds  per  square  inch  fiber  stress  on  element 

B,  0.0080  inch. 

The  bar  was  then  run  for  two  minutes,  or  1,000  revolutions,  and 
the  measured  deflections  for  10,000  pounds  per  square  inch  fiber 
stress  were:  Element  A,  0.0081  inch;  element  B,  0.0080  inch. 

The  fiber  stress  was  then  increased  to  20,000  pounds  per  square 
inch,  and  deflections  measured  as  follows:  Element  A,  0.0155  mch; 
element  B,  0.0155  inch. 

The  bar  was  then  run  two  minutes,  or  1,000  rotations  at  this  fiber 
stress  of  20,000  pounds  per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,  0.0159  inch;  element  B,  0.0156  inch. 
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The  fiber  stress  was  then  increased  to  30,000  pounds  per  square  inch 
and  deflections  measured  as  follows:  Element  A,  0.0246;  element  B, 
0.0238  inch. 

The  bar  was  then  run  two  minutes,  or  1,000  rotations  at  this  fiber 
stress  of  30,000  pounds  per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,  0.0239  inch;  element  B,  0.0231  inch. 

The  fiber  stress  was  then  increased  to  40,000  pounds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0311  mch; 
element  B,  0.0308  inch. 

The  bar  was  then  run  two  minutes,  or  1,000  rotations  at  this  fiber 
stress  of  40,000  pounds  per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,  0.0315  inch;  element  B,  0.0314  inch. 

At  7,000  rotations  the  bar  was  running  hot,  so  was  allowed  to  rest 
overnight.     Water  was  run  on  bar  to  keep  it  cool. 

At  71,200  rotations  the  bar  rested. 

After  200,000  revolutiong,  and  at  a  fiber  stress  of  40,000  pounds 
per  square  inch,  deflections  were  measured  as  follows:  Element  A, 
0.0314  inch;  element  B,  0.0319  inch. 

At  200,000  rotations  the  bar  rested  one  week,  after  which  time  the 
deflections  measured  were  as  follows:  Element  A,  0.0317  inch;  de- 
ment B,  0.0316  inch. 

At  371,800  rotations  the  bar  rested  one  week. 

At  457,000  rotations  the  bar  rested  overnight. 

At  628,100  rotations  the  bar  rested  overnight. 

At  707,500  rotations  the  bar  rested  three  aays. 

At  822,700  rotations  the  bar  rested  overnight. 

At  993,440  rotations  Uie  bar  ruptured  at  south  edge  of  north  middle 
bearing — ^between  the  middle  bearings. 

BAB  C— WBECE. 

From  head  of  rail,  75-pound  section. 

Gauge  side  of  head  from  section  marked  (1). 

TEST  OF  BAR. 

Speed.  500  revolutions  per  minute. 

Lengtn,  C.  to  C.  of  end  oearings,  33  inches. 

Diameter  of  bar,  1  inch. 

Loaded  over  4  inches  at  middle. 

Fiber  stress  to  start,  10.000  poimds  per  square  inch. 

Bar  not  very  straight;  nad  to  be  straightened  before  testing. 

Deflection  for  10,000  pounds  per  square  inch  fiber  stress  on  element 

A,  0.0080  inch. 

Deflection  for  10,000  pounds  per  square  in6h  fiber  stress  on  element 

B,  0.0081  inch. 

The  bar  was  then  run  for  twcT  minutes,  or  1,000  revolutions,  and 
the  measured  deflections  for  10,000  pounds  per  square  inch  fiber 
stress  were:  Element  A,  0.0080  inch;  element  B,  0.0081  inch. 

The  fiber  stress  was  then  increased  to  20,000  pounds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0162  mch; 
element  B,  0.0161  inch. 
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The  bar  then  rested  three  days,  after  which  it  was  run  two  minutes, 
or  1,000  rotations  at  this  fiber  stress  of  20,000  pounds  per  square  inch. 
The  deflections  then  measured  as  follows:  Element  A,  0.0163  inch; 
element  B,  0.0161  inch. 

The  fiber  stress  was  then  increased  to  30,000  poimds  per  square 
inch  and  deflections  measured  as  follows:  Element  A,  0.0239  inch; 
element  B,  0.0239  inch. 

The  bar  was  then  run  for  two  minutes,  or  1,000  revolutions,  and 
the  measured  deflections  for  30,000  pounds  per  square  inch  fiber 
stress  were:  Element  A,  0.0244  inch;  element  B,  0.0236  inch. 

The  fiber  stress  was  then  increased  to  40.000  pounds  per  square 
inch  and  deflections  measured  as  foUows:  Element  A,  0.0324  inch; 
element  B,  0.0320  inch. 

The  bar  was  then  run  two  minutes,  or  1,000  revolutions,  and  the 
measured  deflections  for  40,000  pounds  per  square  inch  fiber  stress 
were:  Element  A,  0.0324  inch;  element  B,  0.0322  inch. 

Water  was  then  run  on  bar  to  keep  it  cool. 

At  75,000  rotations  the  bar  rested  two  weeks. 

At  88,100  rotations  the  bar  rested  overnight. 

At  200,000  rotations  the  bar  rested  18  days,  after  which  and  at  a 
fiber  stress  of  40,000  pounds  per  square  inch,  the  deflections  were  as 
follows:  Element  A,  0.0318  inch;  element  B,  0.0321  inch. 

The  bar  then  rested  one  week. 

At  261,600  rotations  the  bar  rested  three  days. 

At  610,900  rotations  the  bar  rested  two  days. 

At  816,600  rotations  the  bar  rested  ten  days. 

At  926,700  rotations  the  bar  ruptured  at  north  edge  of  south 
middle  bearing — ^between  the  middle  bearings. 

BAB  B.— WBEQK. 

Frona  head  of  rail,  75-pound  section. 
Outside  of  head  from  section  marked  (1), 

TEST  OF  BAB, 

Speed,  500  revolutions  per  minute. 

L^gth,  center  to  center  of  end  bearings,  33  inches. 

Diameter  of  bar,  1  inch. 

Loaded  over  4  inches  at  middle. 

Fiber  stress  to  start,  10,000  pounds  per  square  inch. 

Bar  not  very  straight;  had  to  be  straightened  before  testing. 

Deflection  for  10,000  poimds  per  square  inch  fiber  stress  on  dement 

A,  0.0081  inch. 

Deflection  for  10,000  pounds  per  square  inch  fiber  stress  on  element 

B,  0.0082  inch. 

The  bar  was  then  run  for  two  minutes,  or  1,000  revolutions,  and 
the  measured  deflections  for  10,000  pounds  per  square  inch  fiber  stress 
were:  Element  A,  0.0080  inch;  element  B,  0.0080  inch. 

The  fiber  stress  was  then  increased  to  20,000  poimds  per  square 
inch  and  the  deflections  measured  as  follows:  Element  A,  0.0160  mch; 
element  B,  0.0159  inch. 
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The  bar  was  run  two  minutes,  or  1,000  rotations  at  this  fiber 
stress  of  20,000  pounds  per  square  inch,  after  which  deflections  were 
measured  as  follows:  Element  A,  0.0161  inch;  element  B,  0.0161  inch. 

The  fiber  stress  was  then  increased  to  30,000  pounds  per  square 
inch  and  the  deflections  measured  as  follows:  Element  A,  0.0230  mch ; 
element  B,  0.0239  inch. 

The  bar  was  run  two  minutes,  or  1,000  rotations  at  this  fiber  stress 
of  30,000  pounds  per  square  inch,  after  which  deflections  were  meas- 
used  as  follows:  Element  A,  0.0238  inch;  element  B,  0.0239  inch. 

The  fiber  stress  was  then  increased  to  40,000  pounds  per  square 
inch  and  the  deflections  measured  as  follows:  Element  A,  0.0313  mch; 
element  B,  0.0313  inch. 

The  bar  was  run  two  minutes,  or  1,000  to tations  at  this  fiber  stress 
of  40,000  pounds  per  square  inch,  after  which  deflections  were  meas- 
ured as  follows:  Element  A,  0.0308  inch;  element  B,  0.0316  inch. 

Water  was  then  run  on  the  bar  to  keep  it  cool.  The  bar  was 
allowed  to  rest  two  weeks  after  it  reached  75,000  rotations. 

At  83,600  rotations  the  screw  that  held  up  the  center  bearing 
worked  down  and  scored  the  bar  at  the  middle  of  length,  or  between 
the  middle  bearings.     The  score  was  smoothed  off  and  test  continued. 

At  88,100  rotations  the  bar  rested  over  night.  At  200,000  rotations 
the  bar  rested  18  days. 

At  200,000  rotations,  and  after  resting  and  at  a  fiber  stress  of  40,000 
poimds  per  square  inch,  the  deflections  measured  as  follows:  Element 
A,  0.0317  inch;  element  B,  0.0318  inch. 

At  200,000  rotations,  and  after  measuring  deflections,  the  bar  rested 
one  week. 

At  261,600  rotations  the  bar  rested  three  days. 

At  262,000  rotations  the  bar  ruptured  at  score  mark  between  the 
iliiddle  bearings  or  If  inches  north  of  the  north  edge  of  south  middle 
bearing. 

In  all  cases,  whenever  the  bar  rested  the  load  was  reUeved. 
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EFFECT  OF  THE  SHAPE  OF  THE  VOTCH  OH  OHABPT  IMPACT 

TEST  BESITLTS. 


With  a  view  to  determining  the  effect  of  the  shape  of  the  notch  on 
the  results  of  Charpy  impact  tests,  the  following  experiment  was  car- 
ried out. 

The  Charpy  impact  machine  (see  figs.  1  and  2)  is  one  of  30  kilogram- 
meters,  or  217.6  foot-pounds  capacity.  The  standard  transverse 
specimen  for  this  machme  is  10  by  10  by  60  millimeters  with  a  notch 


k— — — —  60mm. 
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-Chaipy  Test  Spedmenik 

Fig.  8. 

1  millimeter  wide  by  5  millimeters  deep  midway  along  one  side.  This 
is  a  difficult  piece  to  machine  from  hard  steels  on  account  of  the  nar- 
rowness of  tne  notch.  If  a  suitably  shaped  test  specimen  could  be 
found  which  would  give  comparative  results  with  the  standard  and 
would  be  at  the  same  time  easier  to  machine,  it  would  perhaps  be 
advantageous  to  adopt  it.  Figure  3  shows  dimenions  of^specmaens 
and  shapes  of  notches  investigated. 
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A  piece  of  hot-rolled  machinery  steel  i  by  3  by  28  inches  was  selected 
from  stock  and  cut  into  lengths  3  inches  long.  The  analysis  of  this 
material  was  as  follows: 

Percent 

Carbon - 0.134 

Manganese 39 

SiUcon 015 

Sulphur 021 

Phosphorus 017 

The  pieces  when  cut  to  length  were  annealed  hj  heating  slowly  to 
875°  C.  They  were  held  at  this  temperature  10  minutes  and  allowed 
to  cool  slowly  in  the  furnace  oyer  a  period  of  five  or  six  hours  to  room 
temperature. 

Alter  the  annealing  operation  a  small  section  was  polished  and 
etched  for  microscopic  examination.  The  structure  shown  in  figure 
5  consisted  of  fine-grained  ferrite  and  uniformly  distributed  islands 
of  pearhte  and  is  quite  satisfactory  for  the  heat  treatment  given. 
From  each  of  the  annealed  pieces  six  transverse  Charpy  test  specimens 
were  machined,  as  indicated  in  figure  3.  The  specimens  were  all 
taken  out  along  the  original  direction  of  rolling  of  the  bar.  These 
specimens  were  tested  in  the  Charpy  machine  m  the  usual  manner, 
and  the  results  are  tabulated  herewith. 


Specimen 
number. 

Foot-pounds  per  square  Inch. 

Angle  of 
bend. 

Brtnell 
bardness 
number, 

average 
of  3. 

Remarks. 

Maxi- 
mum. 

Mini- 
mum. 

Average 
of  6  speci- 
mens. 

NR 

304.0 
345.9 
322.5 
382.0 
671.0 

890.0 
830.0 

266.5 
283.0 
284.0 
304.0 
516.0 

818.0 
806.0 

284.75 
1 315. 70 
298.10 
333.67 
539.17 

853.83 
814.5 

15.8* 
15.2* 
15.0* 
29.5* 
54. 2* 

130. 0» 
136.0' 

79.1 
77.5 
80.9 

8ao 

79.8 

78.4 

78.4 

• 

Regular  specimen. 

Fractured  but  did  not 
separate. 

Fractured  halfway 
through.  Did  not  sep- 
arate. 

Bent.    Did  not  fracture. 

N  15' 

N30" 

N45' 

NW 

N75» 

• 

N90* 

I 

1  Average  of  five  specimens. 

An  examination  of  the  tabulated  data  will  show  that  the  widening 
jut  of  the  notch  did  not  greatly  affect  the  average  figures  for  resist 
ance  to  shock  until  the  slope  of  the  side  of  the  notch  exceeded  45 
degrees.  The  figures  for  resistance  to  shock  of  the  IS-degree  speci- 
mens are  somewhat  hidier  than  those  for  either  the  regxSar  or  the 
30-degree  specimens.  This  difference,  however,  is  hardly  greater  than 
may  be  accounted  for  by  experimental  error.  It  will  be  noticed  in 
this  connection  that  the  JBrinell  hardness  values  of  these  specimens  is 
the  lowest  of  any.  In  general,  the  lower  the  hardness  is  the  greater 
is  the  resistance  to  shock.  Figures  for  the  angle  at  the  bend  have 
been  recorded,  though  these  are  somewhat  uncertain,  owing  to  the 
difficulty  of  satisfactorily  placing  together  the  two  broken  ends  of 
the  specimen.  These  figures,  however,  agree  fairly  closely  with  those 
for  the  shock  strength. 

The  two  curves  snown  herewith  summarize  the  results  obtained  in 
this  experiment  so  that  they  may  be  seen  at  a  glance.  Both  curves 
have  the  same  abscissa,  namely,  the  angle  of  slope  of  the  side  of  the 
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notch,  while  the  ordinates  for  curve  A  are  foot-pounds  per  square 
inch,  and  for  curve  B  are  degrees  angle  of  bend.  Trom  these  curves 
it  mav  be  stated  that  resistance  to  shock  and  angle  of  bend  are 
not  anected  in  Charpy  impact  tests  by  cutting  away  the  side  of  the 
notch  up  to  as  mucn  as  30  degrees.  By  increasing  the  slope  of  the 
side  of  tne  notch  from  30  degrees  to  nearly  90  degrees,  or  at  least  to 
75  degrees,  the  resistance  to  shock  and  the  angle  of  bend  are  rapidly 
increased. 
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•"Effect  of  Shape  of  Notch  on  Charpy  Impact  Tests. 

Fig.  4. 

The  results  of  the  tests  of  the  specimens  with  a  90-deffree  slope, 
that  is,  the  specimens  with  no  notch  whatever,  do  not  fall  on  the 
curve,  for  the  point  of  fracture  was  not  located  and  the  pieces  did 
not  fracture. 

SUMMABT. 

It  has  been  shown  that  the  side  of  the  notch  of  the  regular  Charpy 
impacy  test  specimen  may  be  cut  away  as  much  as  30  degrees  from 
the  vertical  without  materially  affecting  the  experimental  results. 
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THE  EFFECT  OF  THE  OVEBSTBAIH  AGGOMPAITYIHO  TEHSILE 
BUPTURE  OH  THE  TEHSILE  AHD  COMPRESSIVE  CHARAC- 
TERISTICS OF  STEEL. 

TEBMINOLOGT. 

The  term  "overstrain"  includes  all  strains  beyond  the  yield  point, 
hence  any  strain  which  is  in  part  plastic.  Overstrain  can  result 
only  from  "cold  working/'  such  as  cold-rolling,  cold-drawing,  or 
physical  testing  beyond  the  yield  point. 

A  tensile  test  specimen  from  homogeneous  material,  when  tested 
to  rupture,  presents  a  general  plastic  elongation  and  contraction  of 
area,  and  a  local  excessive  elongation  and  contraction  of  area  termed 
"necking  down,''  at  and  on  either  side  of  the  plane  of  rupture.  As  a 
rule,  therefore,  there  is  a  local  overstrain  of  one  magnitude  at  and 
near  the  plane  of  rupture,  and  a  general  overstrain  of  lesser  magni- 
tude, due  to  the  "maximum  imit  stress"  which  appears  on  the  stress- 
strain  diagram.  This  latter  overstrain  will  be  designated  by  the 
term  "rupture  strain." 

In  this  experiment  we  are  concerned  with  static  tensile  ruptiire 
strain  and  its  effect  on  the  tensile  and  compressive  characteristics  of 
steel. 

PBOGBAM. 

The  plan  of  the  experiment  was  to  determine  accurately  by  the  usual 
test  specimens  the  tensile  and  compressive  characteristics  of  a  bar  of 
steel.  From  the  remainder  of  the  bar  was  to  be  taken  a  specimen  of 
such  dimensions  that  after  tensile  rupture,  further  suitable  tensile  and 
compressive  specimens  might  be  cut  from  the  broken  ends.  The 
tensile  and  compressive  cnaracteristics  of  the  "rupture-strained" 
metal  were  to  be  obtained  by  test  of  these  specimens. 

In  order  to  carry  out  this  program  a  commercial  unannealed  hot- 
rolled  bar  of  3 J  per  cent  nickel  steel  1^  inch  diameter  by  8  feet  long 
was  selected.  This  bar  was  of  approximately  the  foUowmg  composi- 
tion: 

Percent. 

Carbon 0.45 

Manganese 50 

SiUcon 10 

Sulphur 04 

Phosphorus 04 

Nickel 3.25 

From  this  bar  there  were  prepared  two  tension  test  specimens  of  a 
10-inch  gauge  length,  and  two  compression  test  specimens  1  inch  in 
diameter  by  6  inches  long,  with  5-incn  gauge  lengths.  These  four  bars 
were  tested  and  the  stress-strain  diagrams  accurately  determined. 
The  remainder  of  the  original  8-foot  bar  was  made  up  into  a  tensUe 
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specimen  about  5  feet  long.  This  specimen  was  tested  to  rupt\u*e  in 
tension,  and  its  stress-strain  diagram  determined.  The  broken  ends 
of  this  bar  consist  then  of  rupture-strained  metal,  and  from  these 
ends  tensile  and  compression  pieces  were  machined  and  tested. 

APPABATUS. 

All  tests  were  carried  out  in  the  arsenal's  800,000-pound  Emery 
hydrauHc-principle  testing  machine.  The  extensometers  used  were 
01  the  precision  micrometer  tjpe,  equipped  with  electric  contact 
device,  and  by  this  means  readmgs  to  one  ten-thousandth  of  an  inch 
could  be  made.  Photograph  No.  1  shows  the  extensometer  assembly 
for  a  tensile  test. 

DESCRIPTION  OP  TESTS. 

In  carrying  out  the  tests  the  extensometer  was  attached  to  the 
specimen  and  a  zero  reading  obtained  with  a  load  of  1,000  pounds 
per  square  inch  initial  stress.  The  load  was  then  applied  in  incre- 
ments of  5,000  pounds  imit  stress  to  a  point  well  below  the  elastic 
limit,  when  the  increments  of  load  were  decreased  to  1,000  poimds. 
Measurements  of  lengthening  or  shortening  were  continued  with  the 
precision  micrometer  uj)  to  its  limit  of  rea£ng,  which  was  two-tenths 
of  an  inch.  Beyond  this  point,  deformation  was  measured  by  means 
of  a  vernier  rule,  which  is  shown  in  photograph  No.  2. 

When  tensile  specimen  No.  5  haa  been  tested,  it  was  noted  that  it 
had  reduced  in  diameter  unevenly  along  its  length.  There  appeared 
to  be  minor  necking  down  at  several  points  other  than  the  point  of 
fracture,  though  tms  reduction  was  not  more  than  ten  one-thou- 
sandths of  an  inch  in  any  case.  This  meant,  however,  that  the  metal 
at  these  points  was  cold  worked  more  than  at  other  parts  of  the  bar. 
Attention  is  called  to  this  condition  in  connection  with  the  behavior 
of  some  of  the  overstrained  compression  specimens  to  be  described 
later  on.  The  period  of  rest  allowed  before  the  overstrained  speci- 
mens were  tested  varied  considerablv,  but  in  no  case  was  this  period 
less  than  a  week.  Specimens  6  ana  7  which  were  tested  in  tension 
after  overstraining  were  allowed  to  rest  one  week.  Specimens 
8,  9,  10,  and  11,  which  were  tested  in  compression  after  overstraining 
were  allowed  to  rest  seven  weeks,  while  specimen  12,  which  was 
tested  in  compression  after  overstraining,  was  allowea  to  rest  16 
weeks.  This  specimen  was  not  tested  compressively  to  destruction, 
but  only  to  a  imit  stress  of  60,000  pounds.  It  was  then  rested  a  week, 
made  into  a  tensile  specimen,  12T,  and  tested  in  tension  to  destruc- 
tion.   This  specimen  nad  then  been  subjected  to  reversing  overstrain. 

RESULTS. 

Four  tables,  summarizing  the  results  of  these  tests,  are  given  here- 
with. The  data  and  stress-strain  diagrams  for  each  test  are 
appended. 

DISCUSSION. 

Consideration  of  these  tables  and  the  appended  stress-strain 
diagrams  discloses  that  the  values  for  elastic  or  proportionality  limit 
for  the  rupture-strained  metal  are  rather  indefinite.  TTie  values  for 
yield  point  also,  in  the  case  of  the  rupture-strained  specimens,  is  only 
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approximate.  These  values,  however,  are  sufficiently  distinctive 
and  pronounced  so  that  some  definite  conclusions  as  to  the  effects  of 
rupture  strain  can  be  reached.  One  point  to  be  noted  is  that  in  the 
original  condition,  this  material  has  practically  the  same  unit  stress 
vames  for  elastic  limit,  yield  point,  and  maximum  strength  in  tension 
as  it  has  in  compression.  The  results  of  the  compression  tests  of  the 
rupture-straineci  material  seemed  to  vary  with  the  size  of  the  speci- 
mens; that  is,  the  smaller  specimens  showed  lower  unit  stress  values, 
possibly  owing  to  too  low  values  of  the  ratio,  diameter  over  length. 
Specimens  of  a  length  of  2i  to  4  diameters  might  give  higher  as  well 
as  more  uniform  values.  Also  the  variation  m  the  amoimt  of  cold 
work  throughout  the  length  of  original  specimen  No.  5  may  have 
influenced  somewhat  the  values  obtained  for  the  rupture-strained 
specimens.  These  various  points  are  being  investigated  further,  but 
these  residts  are  presented  as  being  of  interest. 

CONCLUSIONS. 

From  the  results  herein  reported  it  is  believed  the  following 
conclusions  can  be  drawn: 

(1)  When  3  J  per  cent  nickel  steel  is  stressed  to  its  maximum  imit 
strength  in  tension  (unit  stress  being  referred  to  the  original  diameter 
of  the  piece),  rested  a  week  and  agam  tested  in  tension,  (a)  the  yield 
point,  though  indefinite,  is  raised  to  or  above  the  previous  maximum 
strength,  (6)  the  new  maximum  strenirth  is  raised  considerably  above 
its  original  value. 

(2)  when  3i  per  cent  nickel  steel  is  stressed  to  its  maximum  unit 
strength  in  tension  (unit  stress  being  referred  to  the  original  diameter 
of  the  piece),  rested  seven  weeks  or  longer  and  then  tested  in  com- 
pression, (a)  the  yield  point  and  maximum  strength  will  not  be  mate- 
rially increased  and  wiu  possibly  both  be  decreased  in  comparison  with 
the  original  compressive  characteristics  of  the  material.  The  exact 
physicd  properties  obtained  wiU  depend  to  some  extent  on  (a)  the 
amount  of  cold  working  of  the  metal  during  the  first  rupture  strain 
and  (6)  on  the  proportions  of  the  test  specimen. 


Table  1.- 

-Tennle  teaU  of  original  material. 

Spec- 
imen 
No. 

Condition  of 
material. 

Size  of  specimens. 

Propor- 
tionality 

limit 

(pounds 

per  square 

inch). 

Yield 

point 

(pounds 

per 
square 
inch). 

Maxi- 
mum 
strength 
(pounds 

per 
square 
inch). 

Elongation. 

Con- 
trac- 
tion 
of 
area. 

P.  a, 

U7.7 

47.7 

47.7 

Ratio 
diam- 
eter 
over 
gauge 
length. 

Length. 

Diam- 
eter. 

Gauge 
length. 

1... 
2... 

3... 

Original 

«  ■  •  •  ■  UU*  ••«•••■ 

Inches. 
10+ 
10+ 

66+ 

Inchts. 
L009 
L009 

1.009 

Indies. 
10 
10 

45 

/    61,000  7 

\    66,000? 

65,000  7 

57,000  7 

Wooo 

59,000 
60,000 

112,375 
111,600 

111,000 

Percent. 

(In.  lOinch- 

V  «,  16.4. 

In  Winch- 
es, 15.9. 

In  45  inch- 
es, 10.9. 

P.  ct. 

10.09 

10.09 

2.24 
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Table  2. — TensiU  teaU  of  overstrisined  rnaterial. 


Spec- 
imen 
No. 

Condition  of 
material. 

Sise  of  specimens. 

Propor- 
tionality 

limit 

(pounds 

per  square 

indh). 

Yield 

point 

(pounds 

per 
square 
inch). 

Maxi- 
mum 
strength 
(pounds 

per 
square 
inch). 

Elongation. 

Con- 
trac- 
tion 
of 
area. 

Ratio 
diam- 
eter 
over 
gauge 
length. 

Length. 

Diam- 
eter. 

Cause 
length. 

6... 
7... 
12T 

Overstrain  in 

tension. 
.....do 

Overstrained 
in  tension, 
then  in 
compres- 
sion. 

Inchet. 
2+ 

Inch. 
0.564 

.564 

.505 

Inches, 
5 

6 

2 

Indefhilte. 
Indefhilte. 
Indefinite. 

1120,000 
1117,000 
1120,000 

124,000 
121,000 
124,000 

Percent. 

In  5  inch- 
es,  d. 

In  5  inch- 
es, 4.8. 

In  2  inch- 
es, 12. 

P.ct. 
40.8 

41.9 

40.3 

P.  et 
11.27 

11.27 

25.2 

1  Approximately. 


Specimens  Nos.  6  and  7  rested  1  week. 

Specimen  No.  12  T  rested  17  weeks  after  tensile  overstrain,  1  week 
after  compressive  overstrain. 

Table  3. — Compresnve  tests  of  original  materiaL 


Specimen 
No. 

Condition 
of  material. 

Size  of  specimens. 

Propor- 
tionality 

limit 

(pounds 

per  square 

Indh). 

Yield 

point 

(pounds 

-  per 

square 

inch). 

Maxl- 

mum 

strength 

(pounds 

per 
square 
inch). 

Ratio 
diam- 
eter over 
length. 

Length. 

Diam- 
etw. 

*  Gauge 
length. 

3 

4 

Inehe*. 
6 
6 

Inehe*. 
1 

1 

Inches. 
6 

5 

57,000? 
51,000  7 

60,000 
60,000 

108,790 
109,300 

Per  cent. 
16.67 
16.67 

Table  4. — Compressive  tests  of  overstrained  material. 


Spec- 
imen 
No. 

Condition  of 
material. 

Size  of  specimens. 

Propor- 
tionality 

limit 

(pounds 

per  square 

inch). 

Yield 

point 

(pounds 

per 
square 
inch). 

Maxi. 

mum 
strength 
(pounds 

per 
square 
inch). 

Ratio 

<l1am- 

etor 

over 

length. 

Period  of  rest. 

Length. 

Diam- 
eter. 

Gauge 
length. 

8... 

9... 
10.. 
11.. 

12.. 

Overstrained 
in  tension. 

do 

do 

do 

.  ...do 

Inches. 
H 

?o 

4.0 
5.25 

Inch. 
0.874 

.874 
.564 
.564 

.785 

Inches. 
3.0 

2.5 

3 

3 

4 

39,000? 

45,000? 
28,000? 
25.000? 
125,000 
to 
35,000 

60,000? 

63, 000  r 
35,000? 
33,000? 

40,000? 

111,166 

113,165 
90,400 
91,200 

P.  et. 
20.0 

20.0 
14.1 
14.1 

14.9 

Seven  weeks. 

Do. 
Do. 
Do. 

/Sixteen 
\   weeks. 

1  Indefinite. 
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TENSION  TBST,  SPECIMEN  NO.  1. 


Original  condition. 
Diameter,  1.009  inches. 
Sectional  area,  0.  80  square  inch. 
Gauged  length,  10  inches. 


Applied  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

Elongation 
(Inch). 

Set  (inch). 

•  Total 
pounds. 

Pounds 

per  square 

inch. 

Elongation 
(inch). 

Bet  (inch). 

800 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
MO,  000 
45,000 
50,000 
51,000 
52,000 
63,000 

0 

.0014 
.0031 
.0048 
.0064 
.0060 
.0099 
.0117 
.0136 
.0158 
.0176 
.0179 
.0184 
.0188 

0 
0 

80,900 

54,000 
55,000 
56,000 
57,000 
58,000 

s 50, 000 

60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
•112,375 

a  0193 
.0197 
.0201 
.0206 
.0212 
/       .0219 
\       .0227 
.0242 
.0305 
.0427 
.0492 
.0560 
.0637 

} 

+0.0029 

-.0006 

-.0002 

.0386 

1  ICicroiDeter  reset  at  lero.    Eloogation  at  40,000  pounds-^ 0.0138  inch. 
«  Yield  potat. 
•  Tensile  strength. 

Elongation  after  fracture,  1.64  inches  =  16.4  per  cent. 
Elongation  of  inch  sections,  .09,  .12,  .13,  .13,  .44*,  .22,  .14,  .14,  .14, 
.09. 
Diameter  at  fracture,  0.73  inch. 
Sectional  area  at  fracture,  0.418  square  inch. 
Contraction  of  area,  47.7  per  cent. 
Position  of  fracture,  5.50  inches  from  the  neck. 
Appearance  of  fracture:  Silky. 
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EXPERIMENTS  ON   SIMPLE   OVERSTRAIN. 
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TBKSION  TEST,  SPECIMBK  NO.  2. 


Original  conditiop. 
Diameter,  1.009  inches. 
Sectional  area,  0.80  sauare  inch. 
Gauged  length,  10  incnes. 


Applied  loads. 

• 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 
per  square 

Elongation 
(Inch). 

Set  (Inch). 

Total 
pounds. 

Pounds 
per  square 

Elongation 
(inch). 

Set  (inch). 

800 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
63,000 
53,000 
54,000 
55,000 
56,000 
57,000 
158,000 

0 

.0014 
.0032 
.0046 
.0061 
.0075  X 
.0003 
'      .0110 
.0130 
.0148 
.0166 
.0171 
.0175 
.0179 
.0183 
.0186 
.0191 
.0106 
.0202 

0 
0 

80,200 

50,000 

60,000 

61,000 

62,000 

63,000 

64,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

s  111,500 

/     0.0209 
\       .0214 
.0230 
.0315 
.0420 
.0525 
.0605 
.670 
.10 
.14 
.18 
.23 

.  .28 
.35 
.43 
.56 

.85 

} 

+0.0023 

.0415 

-.OOOS 

-.0002 

1 

1  Yield  point. 


>  Tensile  strength. 


Elongation  after  fracture,  1.59  inches  =  15.9  per  cent. 
Elongation  of  inch  sections,  .10,  .19,    .47*,  .15,  ,13,  ,14,  ,12,  .11, 
.10.  .08. 
Diameter  at  fracture,  0.73  inch. 
Sectional  area  at  fracture,  0.418  square  inch.- 
Contraction  of  area,  47.7  per  cent. 
Position  of  fracture,  2.75  inches  from  the  neck. 
Appearance  of  fracture:  Silky,  cup  shaped. 
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EXPERIMENTS  ON  SIMPLE  0VBE8TRAIN. 


COHPBBS8ION  TEST,  SPBCDCBN  NO.  8. 


Original  condition. 
Length  of  specimen,  6  inches. 
Diameter  oi  specimen,  1  inch. 
Sectional  area,  0.785  square  inch. 


Applied  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

Compres- 
sion (Inch). 

Set  (Inch). 

Total 
pounds. 

Pounds 

Compres- 
8ion(inch). 

Set  (inch). 

785 
3,925 
7,850 
11,775 
15,700 
19,625 
23,550 
27,475 
31,400 
35,325 
39,250 
40,035 
40,820 
41,605 
42.390 
43,175 
43,960 
44,745 
45,530 
46,315 
47,100 

47,885 

48,670 
49,455 
50,240 
51,026 
51,810 
52,506 
63,380 
54,165 
54,060 

1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56.000 
57.000 
58,000 
50,000 
60,000 

61,000 

62,000 
63,000 
64,000 
«5,000 
66,000 
67,000 
68,000 
09,000 
70,000 

0 

.0004 
.0012 
.0020 
.0029 
.0038 
.0047 
.0056 
.0065 
.0075 
.0082 
.0084 
.0085 
.0087 
.0089 
.0091 
.0093 
.0096 
.0100 
.0106 
.0112 
/       .0124 
t       .0129 
.0142 
.0166 
.0187 
.0206 
.0236 
.0261 
.0293 
.0321 
-.0354 

0 
0 

56.735 
56,520 
57,305 
58,090 
58,875 
59,660 
60,445 
61,230 
62,015 
62,800 
63,585 
64,370 
65,155 
65,940 
66,725 
67,510 
68,295 
69,080 
69,865 
70,650 
71,4.'{5 
72,220 
73,005 
73,790 
74,575 
75,360 
76,146 
76,930 
77,715 
78,500 
85,400 

71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 
94,000 
95,000 
96,000 
97,000 
98,000 
99,000 
100,000 
1108,790 

a0388 
.0417 
.0453 
.0485 
.0513 

.0586 
.0607 
.0638 
.0678 
.0/09 
.0738 
.0771 
.0808 
.0848 
.0681 
.0923 
.0958 
.0991 
.1028 
.1063 
.1085 
.1115 
.1143 
.1183 
.1217 
.1248 
.1273 
.1308 
.1333 

0.0373 

.0001 

.osati 

.0003 

.0850 

.ooie 

} 

1 

.0090 

.1137 

.0225 

1  Ultimate  strength. 


Failed  by  triple  flexure. 
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EXPERIMENTS  ON   SIMPLE   OVEBSTRAIN. 


OOHPBBSSIONT  TEST,  SPECIMBNr  NTO.  4. 
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Original  materiaL 

Lei^h  of  specimen  over  all.  6  inches. 
Diameter  of  specimen,  1  incn. 
Sectional  area,  0.785  square  inch. 
Gauged  lengthy  5  inches. 


Applied  loads. 

In  geuiged  length. 

Applied  loads. 

In  ganged  length. 

Total 
pounds. 

Pounds 

per  square 

Inch. 

Compres- 
sion (Inch). 

Set  (inch). 

Total 
pounds. 

Pounds 

Compres- 
sion Cmch). 

Set  (Inch). 

785 
8,925 
7,850 
11,775 
15,700 
19,625 
23,550 
27.475 
31,400 
85,825 
89,250 
40,035 
40,820 
41,605 
42,390 
43,175 
43,960 
44,745 
45,530 
46,815 

1,00" 
5,00" 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
50,000 

0 

.0007 
.0017 
.0026 
.0035 
.0045 
.0054 
.0063 
.0072 
.0082 
.0092 
.0095 
.0097 
.0100 
.0102 
.0105 
.0108 
.0112 
.0117 
.0122 

0 
0 

47,100 

47,885 

48,670 
49,455 
50,240 
51,025 
51,810 
52,505 
53,380 
54,165 
54,950 
58,875 
62,800 
66,725 
70,660 
74,575 
78,500 
85,800 

60,000 

61,000 

62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100,000 
U09,800 

.0130 
/       .0146 
\       .0152 
.0165 
.0187 
.0213 
.0242 
.0275 
.0300 
.0330 
.0365 
.0390 
.0535 
.0700 
.0870 
.1050 
.1220 
.1395 

.0025 
} 

1 

.0126 

0 

0 

.0256 

.0542 

.0877 

. .  .  .. 

.1183 

1  Ultimate  stzength. 


Failed  by  triple  flexure. 

42461^—17 ^10 
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EXPERIMENTS  ON  SIMPLE  OVERSTRAIN. 


TENSION  TBST,  SFBODCBN  NO.  5. 


Original  material. 

Diameter,  1 .009  inches. 

Sectional  area,  0.80  square  inch. 

Gauged  length;  45  incnes. 

Length  of  specimen  over  all,  56  inches. 

Nine  5-inch  sections  laid  oflF  on  specimen. 


Applied  loads. 

In  ganged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

per  square 

inch. 

Elongation 
(percent). 

Set  (Inch). 

Total 
pounds. 

Pounds 
per  square 

Elongation 
(per  cent). 

Set  (inch). 

800 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 

0 

.0057 
.0140 
.0224 
.0304 
.0385 
.0464 
.0547 
.0627 
.0731 
.0808 
.0825 
.0842 

0 
.0002 

88,800 

63,000 
54,000 
55,000 
56,000 
57,000 
68,000 
» 59,000 

60,000 

61,000 

62,000 

« 111,000 

.0862 
.0877 
.0896 
.0913 
.0932 
.0957 
.0987 
f        .1022 
\       .1036 
.1140 
.1760 

}       .0076 

.0004 

.0024 

.0762 

Yield  point. 


>  Tensile  strength. 


Elongation  after  fracture,  4.91  inches  =  10.9  per  cent. 

Elongation  of  5-inch  section,  .98,  .62,  .48,  .53,  .49,  .44,  .48,  .44,  .45. 

Diameter  at  fracture,  0.73  inch. 

Sectional  area.  0.418  square  inch. 

Contraction  of  area,  47.7  per  cent. 

Position  of  fracture,  7.50  inches  from  the  neck. 

Appearance  of  fracture:  Silky. 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN, 


TENSION  TEST,  SPEODCBN  NO.  6. 


Ill 


Overstrained  material.    Rested  one  week. 
Diameter,  0.564  inch. 
Sectional  area,  0.25  square  inch. 
Gauged  length,  5  inches. 


Applied  loads. 

In  ganged  length. 

Applied  loads. 

In  gauged  length. 

Total 
poimds. 

Ponndff 

per  square 

inon. 

Elongation 
(fnoh). 

Set  (inch). 

Total 
pounds. 

Pounds 

per  square 

inon. 

Elongation 
(inch). 

Set  (inch). 

260 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
85,000 
40,000 
45,000 
50,000 
65,000 
60,000 
65,000 
70,000 
75,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
80,000 
90,000 
91,000 
02,000 
03,000 
04,000 
06,000 
96,000 
07,000 
06,000 
09,000 
100,000 
101,000 
102,000 
103,000 

0 
.0004 

.0013 
.0022 
.0031 
.0038 
.0046 
.0054 
.0063 
.0073 
.0082 
.0002 
.0108 
.0113 
.0125 
.0137 
.0148 
.0160 
.0154 
.0156 
.0158 
.0161 
.0164 
.0166 
.0168 
.0171 
.0174 
.0177 
.0180 
.0182 
.0185 
.0188 
.0191 
.0104 
.0108 

.oaoi 

.0205 
.0208 
.0214 
.0218 

0 
0 

25,300 

104,000 
,105,000 
106,000 
107,000 
108,000 
100,000 
110,000 
111,000 
112,000 
113,000 
114,000 
115,000 
116,000 
117,000 
118,000 
119,000 
120,000 
121,000 
122,000 

123,000 

i  124,000 

123,000 

119,600 
118,800 
117,600 
116,800 
115,600 
114,400 
113,200 
112,000 
110,000 
106,000 
107,600 
106,000 
104,000 
102,000 
*  101,200 

.0222 
.0227 
.0233 
.0237 
.0242 
.0246 
.0250 
.0257 
.0262 
.0266 
.0272 
.0277 
.0284 
.0280 
.0297 
.0304 
.0318 
.0336 
.0356 
/       .0385 
\       .0454 

.05 
/       .06 

\       .12 
.13 
.15 

.0023 

"6 

0 

1 

.0001    1 

}       .0174 

I 

/ 

.0003 

.16 
.17 
.18 
.19 
.20 
.21 
.22 
.23 
.24 
.25 
.26 
.27 

.0010 

1  MaTJmnTn  load. 


*  Breaking  load. 


Elongation  after  fracture,  0.25  inch =5  per  cent. 
Elongation  of  inch  sections,  0.24  *  0.01,  0,  0,  0. 
Diameter  at  fracture,  0.434  incn.    Sectional  area,  0.1479  square 
inch.    Contraction,  40.8  per  cent. 
Position  of  fracture,  0.85  inch  from  the  neck. 

Appearance  of  fracture:  Fine  granular  with  silky  center. 

*  ... 

•  Mioromoter  reaioved  and  readings  taken  with  vernier. 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN, 


TENSION  TEST,  SPECIMBN  NO.  7. 


Overstrained  material.    Rested  One  week. 
Diameter,  0.564  inch. 
Sectional  area,  0.25  square  inch. 
Grauged  length,  5  inches. 


A|ypUfMl  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 
per  square 

Elongation 
(Inch). 

Set  (inch). 

Total 
pounds. 

Pounds 

Elongation 
(inch). 

Set  (inch). 

360 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
61,000 
65,000 
66,000 
67,000 
68,000 
60.000 
70,000 
71,000 

72.(100 

0 
.0006 
.0015 
.0022 
.0030 
.0038 
.0047 
.0056 
.0065 
.0077 
.0000 
.0003 
.0095 
.0007 
.0100 
.0102 
.0105 
.0108 
.0111 
.0113 
.0116 
.0121 
.0123 
.0125 
.0128 
.0131 
.0134 
.0137 
.0140 
.0142 
.0145 
.0149 
.0152 
.0155 
.0158 
.0162 
.0165 
.0168 
.0172 
.0175 
.0180 
.0184 
.0188 
.0191 
.0196 

0 
0 

260 
24,800 

85,000 

86,000 

87,000 

88,000 

89,000 

90,000 

91.000 

92,000 

83.000 

94,000 

95.000 

96,000 

97,000 

96,000 

99.000 

100,000 

101,000 

102,000 

103,000 

104,000 

105,000 

106.000 

107,000 

108.000 

109.000 

110,000 

111,000 

112,000 

113.000 

114,000 

115.000 

116,000 

117,000 

118.000 

119,000 

120.000 

*  121.000 

114,000 

112,800 

110,400 

106,400 

106,000 

104,400 

100,800 

«99,200 

.0199 

.0204 

.0208 

.0215 

.0220 

.0225 

.0232 

.0241 

.0243 

.0246 

.0250 

.0256 

.0260 

.0287 

.0270 

.0276 

.0284 

.0289 

.0299 

.0299 

.0305 

.0314 

.0321 

.03.30 

.03.'}9 

.0350 

.0369 

.0380 

.0389 

.0404 

.0427 

.0445 

.0472 

.0528 

.0587 

.0710 

.16 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

.0034 

0 

.0002 

.0055 

.0004 

.0103 

.0012 

73,000 
74,000 
76,000 
76,000 
77.noo 

t.6436 

78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 

.0020 

>  Micrometer  removed  and  readings  taken  with  a  vernier. 


t  Maximum  loctd.        *  Breakhig  load. 


Elongation  after  fracture,  0.25  inch. 

Elongation  of  inch  sections,  .03,  .01,  .01,  .01,  .18. 

Diameter  at  fracture,  0.43  inch.  Sectional  area,  0.145  square  inch. 
Contraction,  41.9  per  cent.  Position  of  fracture.  0.70  inch  from  the 
neck.    Appearance  of  fracture,  fine  granular  witk  silky  center. 
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COMPBESSION  TB8T,  SPBCIMEN  NO.  8. 

Overstrained  material.    Rested  seven  weeks. 

Diameter  of  specimen,  0.874  inch. 

Sectional  area,  0.6  souare  inch. 

Gauged  length,  3  incnes. 

Length  of  specimen  over  aU,  4f  inches. 


AiipUedloads. 

In  ganged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

per  square 

inch. 

Compres- 
sion (Inch). 

Set  (inch). 

Total 
pounds. 

Pounds 

per  square 

inch. 

Compres- 
sion (inoh). 

Set  (Inch). 

600 

3.000 
6,000 
9,000 
12,000 
15,000 
15,600 
16,200 
16,800 
17,400 
18,000 
18,600 
19,200 
19,800 
20,400 
21,000 
21,600 
22,200 
22,800 
23,400 
24,000 
24,000 
25,200 
25,800 
25,400 
27,000 
27,600 
28,200 
28,800 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
84,000 
35,000 
36,000 
87,000 
38,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 

0 
.0006 
.0009 
.0014 
.0018 
.0023 
.0024 
.0024 
.0025 
.0028 
.0027 

0 
0 

29,400 
30,000 
30,600 
.     31,200 
31,800 
32.400 
33,000 
33,600 
34.200 
34,800 
35.400 
36.000 
30,600 
37.200 
37,800 
38,400 
30,000 
39.600 
40,200 
40,800 
41,400 
42,000 
45,000 
48,000 
51,000 
54,000 
57,000 
60,000 
66,700 

49,000 
50,000 
51,000 
52,000 
53.000 
54, (KX) 
55,000 
56,000 
57.000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100,000 
1111,166 

.0(H8 
.0050 
.0051 
.0053 
.0054 
.0057 
.0050 
.0062 
.0065 
.0068 
.0072 
.0076 
.0062 
.(N)H8 
.0094 
.0102 
.0112 
.0135 
.0144 
.0156 
.0168 
.0183 
.0268 
.0358 
.0453 
.a'VW 
.0/08 
.0R38 

.0004 

.0001 

.0006 

.0020 

.0033 
.0033 
.0094 
.0035 
.0096 
.0038 
.0099 
.0040 
.0041 
.0042 
.0048 

.0055 

.0001 

.0118 

.0478 

.0044 
.0046 
.0047 

.0758 

1  Ultimate  strength. 


Failed  by  triple  flexure. 


114 


EXPERIMENTS  ON   SIMPLE   OVERSTRAIN. 


OOHPBESSION  TEST,  SPECIMEN  KO.  9. 

OverBtrained  material.    Rested  seven  weeks. 

Diameter  of  specimen,  0.874  inch. 

Sectional  area,  0.600  square  inch. 

Gauge  length,  2i  inches. 

Length  of  specimen  over  all,  4f  inches. 


Applied  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

I)6r  square 

inoh. 

Compres- 
sion 
(Inch). 

Set  (inch). 

Total 
pounds. 

Pounds 
per  square 

• 

(Compres- 
sion 
(Inch). 

Set  (inch). 

600 
3,000 
6,000 
9,000 
12,000 
15,000 
15,600 
16,200 
16,800 
17,400 
18,000 
18,600 
19,200 
19,800 
20,400 
21,000 
21,600 
22,200 
22,800 
23,400 
24,000 
24,600 
25,200 
25,800 
26,400 
37,000 
37,600 
28,200 
28,800 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 

0 

0 

.0003 
.0007 
.0012 
.0017 
.0018 
.0019 
.0020 
.0021 
.0022 
.0023 
.0024 
.0025 
.0026 
.0027 
.0028 
.0029 
.0031 
.0032 
.0033 
.0034 
.0035 
.0036 
.0038 
.0039 
.0040 
.0042 
.0043 

0 
0 

29,400 
30,000 
80,600 
81,200 
31,800 
32,400 
33,000 
33,600 
34,200 
34,800 
35,400 
36,000 
36,600 
37,200 
37,800 
38,400 
39,000 
39,600 
40,200 
40,800 
41,400 
42,000 
45,000 
48,000 
51,000 
54,000 
57,000 
60,000 
67,900 

49,000 
50,000 
61,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100.000 
1113,166 

0.0044 
.0046 
.0048 
.0049 
.0051 
.0052 
.0054 
.0056 
.OOSO 
.0061 
.0064 
.0067 
.0073 
.0078 
.0082 
.0089 
.0099 
.0117 
.0129 
.0141 
.0155 
.0172 
.0272 
.0874 
.0484 
.0611 
.0734 
.0817 

0 

0 

.0001 

0  . 

.0004 

• 

.0029 

0 

.0097 

.0517 

.0712 

1  Ultimate  strength. 


Failed  by  triple  flexure. 
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EXPBBIMENTS  ON  SIMPLE  OVEBSTBAIN. 
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COMPftBSSION  TEST,  SPBOIMEN  NO.  10. 

Oyerstrained  material.     Rested  seven  weeks. 

Diameter  of  specimen,  0.564  inch. 

Sectional  area,  0.25  square  inch. 

Gauge  length,  3  inches. 

Length  of  specimen  over  all,  4  inches. 


Applied  loads. 

In  gEUiged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

Compres- 
sion (Inch). 

Set  (inch). 

Total 
pounds. 

Pounds 

persquaie 

inch. 

Compres- 
sion(inch). 

Set  (inch). 

250 

1,250 

2,500 

3,750 

5,000 

0,250 

7,500 

8,750 

9,000 

9,250 

9,500 

0,750 

10,000 

10,250 

10,500 

10,750 

1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 

0 

.0006 
.0011 
.0017 
.0022 
.0028 
.0036 
.0051 
.0057 
.0062 
.0066 
.0071 
.0076 
.0066 
.0001 
.0096 

0 
.0001 

11,000 
11,250 
11,500 
11,760 
12,000 
12,250 
12,500 
13,750 
15,000 
16,250 
17,600 
18,750 
20,000 
21,250 
22,600 

44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
65,000 
60,000 
66,000 
70,000 
75,000 
80,000 
85,000 
190,400 

0.0108 
.0100 
.0116 
.0122 
.0130 
.0138 
.0146 
.0187 
.0241 
.0301 
.0371 
.0436 
.0511 
.0571 

1 

.0093 

.0018 

.0296 

.0038 

.0481 

I  Ultimate  strength. 


Failed  by  triple  flexure. 
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EXPEBIMENTS  ON  SIMPLE  OVEBSTRAIN. 


OOMPBBSSION  TEST,  CPBOIMEN  NO.  11. 


Overstrained  material.     Rested  seven  weeks. 

Diameter  of  specimen,  0.564  inch. 

Sectional  area,  0.25  square  inch. 

Gauge  length,  3  inches. 

Length  of  specimen  over  all,  4  inches. 


Applied  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Total 
pounds. 

Pounds 

per  square 

inch. 

Campres- 
8ion(innh). 

Set  (inch). 

Total 
poimds. 

Pounds 
^inX" 

Compres- 
sion (inch). 

Set  (inch). 

250 
1,250 
2,500 
3,750 
5,000 
6,250 
5,500 
6,750 
6,000 
6,250 
6,500 
6,750 
7,000 
7,250 
7,500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
9,250 
9,500 
9,750 
10,000 
10,250 
10,500 
10,750 

1,000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 

0 
0 
.0004 

.0009 
.0014 
.0015 
.0016 
.0017 
.0019 
.0020 
.0021 
.0022 
.0024 
.0025 
.0027 
.0029 
.0031 
.0033 
.0086 
.0039 
.0044 
.0048 
.0052 
.0056 
.0000 
.0068 
.0074 
.0079 

0 
0 

11,000 
11.250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16,250 
17,500 
18,750 
20,000 
21,250 
22,800 

44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
64,000 
55,000 
66,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
70,000 
75,000 
80,000 
85,000 
191,200 

.0085 

.0091 
.0096 
.0104 
.0112 
.0119 
.0126 
.0136 
.0141 
.0148 
.0154 
.0161 
.0171 
.0179 
.0187 
.0196 
.0207 
.0225 
.0232 
.0240 
.0253 
.0264 
.0823 
.0384 
.0427 
.04247 

0 

.0075 

.0003 

.0144 

.0009 

.0024 

>  Ultimate  strength. 
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SPECIMEN  NO.  12. 


Length  of  specimen  over  all,  6.25  inches. 
Oauge  length,  4  inches. 
Diameter  of  specimen,  0.785  inch. 
Sectional  area,  0.484  square  inch. 


Applied  loads. 

In  ganged  length. 

AppUed  loads. 

In  gauged  length. 

Total 
pounds. 

Founds 
peretquare 

Comprw- 
8k>n(in<di). 

Set  (Inch). 

Total 
pounds. 

Pounds 

perMiiare 

inch. 

Compres- 
sion (Inch). 

Set  (Inch). 

484 

2,420 

4,840 

7,260 

9,680 

10,164 

10,648 

11,132 

11,616 

12,100 

12,684 

13,068 

13,552 

14,036 

14,520 

15,004 

15,488 

15,972 

16,456 

16,940 

1,000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,UUU 
29,000 
30,000 
31,000 
82,000 
38,000 
34,000 
35,000 

0 

.0007 
.0011 
.0019 
.0025 
.0036 
.0027 
.0029 
.0031 
.0032 
.0033 
.0035 
.0037 
.0038 
.0040 
.0042 
.0043 
.0044 
.0046 
.0047 

0 
0 

17,424 
17,908 
18,392 
18,876 
19,360 
19,844 
20,328 
20,812 
21,296 
21,780 
22,264 
22,748 
23,232 
23,716 
24,200 
25,168 
26,136 
27,104 
28,072 
29,040 

36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
68,000 
160,000 

.0050 
.0052 
.0056 
.0069 
.0063 
.0067 
.0071 
.0076 
.0081 
.0068 
.0099 
.0108 
.0115 
.0121 
.0129 
.0154 
.0169 
.0190 
.0214 
.0235 

.... ........ 

« 

0 

.0011 

.0027 

.0002 

.0055 

.0147 

iTestdisoontinued.   Specimen  to  he  turned  into  a  tension  specimen. 
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SPBGIMEN  NO.  13  T. 


Diameter  of  specimen,  0.505  inch. 
Sectional  area,  0.20  square  inch. 
Gauged  length,  2  inches. 


Applied  loadi. 


Total 
QpoundB). 


200 

1,000 

2,000 

3,000 

4,000 

4,200 

4,400 

4,600 

4,800 

5,000 

5,200 

5,400 

5,600 

5,800 

6,000 

6,200 

6,400 

6,600 

6,800 

7,000 

7,200 

7,400 

7,600 

7,800 

8,000 

8,200 

8,400 

8,600 

8,800 

9,000 

0,200 

0,400 

0,600 

0,800 

10,000 

10,200 

10,400 

10,600 

10,800 

11,000 

11,200 

11,400 

11,600 

11,800 

12,000 

12,200 

12,400 

12,600 

12,800 

18,000 

18,200 

13,400 

13,600 

18,800 

14,000 

14,200 

14,400 

14,600 

14,800 

15,000 

15,200 

15,400 

15,600 

15,800 

16,000 

16,200 

16,400 

16,600 

16,800 

17,000 


Pounds 

persouare 

inch. 


1 

5 

10 

16 

2o: 

21 
22 
23 
24 
25 
26 
27i 
28 
29 
30 
31 
32 
33 

34; 

35 
36 
37 


38,000 


39 

4o; 

41 
42 
43 

^ 

45 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

6o; 

61 
62 
63 
64 
65 
66 


68 
60 
70 
71 
72 
73 
74 
75 
78 
77i 
78, 
79 

8o; 

81 
82 
83 
84; 
85 


000 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


000 
000 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
^000 
67.000 


000 
000 
000 
000 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


In  gBOged  tongth. 


Elongation 
(inch). 


0.0004 
.0006 
.0006 

.0006 
.0008 
.00065 

.0009 

.00095 

.0010 

.00105 

.00115 

.0012 

.0013 

.00135 

.0014 

.0016 

.0017 

.00185 

.0019 

.00195 

.00206 

.0021 

.00215 

.00225 

.0023 

.0024 

.0025 

.0026 

.0027 

.0028 

.0029 

.0090 

.0032 

.0033 

.0034 

.0035 

.0036 

.0036 

.0037 

.0038 

.0039 

.0040 

.0041 

.0042 

.0044 

.0045 

.0046 

.0048 

.0049 

.0060 

.0061 

.0062 

.0063 

.0054 

.0056 

.0067 

.0069 

.0060 

.0052 

.0063 

.0064 

.0065 

.0066 

.0068 

.0071 

.0073 

.0075 

.0076 

.0077 

.0079 


Set  (inch). 


0.0008 
.0006 


.0003 


.0003 


.0002 


.0004 


.0007 


.0011 


Applied  loads. 


Total 
(pounds). 


18,800 
19,000 
19,200 
19,400 
19,600 
19,800 
20,000 
20,200 
20,400 
20,600 
20,800 
21,000 
21,200 
21,400 
21,600 
21,800 
22,000 
22,200 
22,400 
22,600 
22,800 
23,000 

23,200 

23,400 
23,600 
23,800 
24,000 
24,200 
24,400 
24,600 

24,800 

24,800 
23,700 

23,800 

23,700 
23,600 

23,500 

23,400 
23,300 

23,200 

23,100 
23,000 
22,900 
22,800 
22,700 
22,600 
22,500 
22,400 
22,300 
22,200 
22,100 
22,000 
21,000 
21,800 
21,700 
21,600 
21,500 
21,400 
21,300 
21,200 


Founds 

per  square 

inch. 


94,000 

95,000 

96,000 

97,000 

98,000 

99,000 

ldO,000 

101,000 

102,000 

103,000 

104,000 

105,000 

106,000 

107.000 

106,000 

109,000 

110,000 

111,000 

112,000 

113,000 

114,000 

115,000 

116,000 

117,000 
118,000 
119,000 
120,000 
121,000 
122,000 
123,000 

124,000 

124,000 
118,500 

119,000 

118,600 
118,000 

117,500 

117,000 
116,500 

116,000 

115,500 
115,000 
114,500 
114,000 
113,500 
113,000 
112,500 
112,000 
111,500 
111,000 
110,500 
110,000 
109,500 
109,000 
106,500 
106,000 
107,500 
107,000 
106,500 
106,000 


{ 


In  ganged  length. 


Elongation 
(inch). 


( 


I 


1 


0.0095 
.0096 
.0099 
.0103 
.0105 
.0106 
.0111 
.0114 
.0116 
.0118 
.0120 
.0122 
.0125 
.0128 
.0132 
.0136 
.0140 
.0145 
.0149 
.0153 
.0158 
.0164 
.0172 
.0175 
.0180 
.0190 
.0199 
.0214 
.0240 
.0260 
.0310 
.06 
.10 


Set  (inch). 


}■ 


.10 

.11 

.11+ 

.115 

.12 

.12 

.12+ 

.125 

.13 

.13+ 

.13+ 

.135 

.14 

.14 

.145 

.15 

.15+ 

.155 

.16 

.165 

.17 

.17+ 

.176 

.18 

.18+ 

.185 

.19 

.19+ 

.196 

.20 

.20+ 

.206 

.21 

.21 

.215 

.215 


0.0035 


.0043 


.0098 


}• 


I- 


}• 


I  Instnunent  removed.    Measurements  taken  with  a  vernier. 
*  Maximum  load.    Measurements  taken  on  decreasing  loads. 
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Applied  loads. 

In  gauged  length. 

Applied  loads. 

In  gauged  length. 

Totel 
Opoands). 

Ponnds 

persatiare 

ixicii. 

Elong&tlon 
(inhh). 

Set  (inch). 

Total 
(pounds). 

Founds 

per  square 

inch. 

Elongation 
(innh). 

Set  (Inch). 

17,200 
17,400 
17,600 
17,800 
18,000 
18,200 
18,400 
18,600 

86,000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 

0.0061 
.0063 
.(XIBft 
.0067 
.0088 
.0090 
.0092 
.0093 

21,100 
21,000 
20,900 
20,800 
20,700 
20,600 
20,600 
20,400 

105,500 
105,000 
104,500 
104,000 
103,500 
103,000 
102,500 
1102,000 

0.22 
.22 
.226 
.225 
.23 
.23 
.23+ 
.235 

0.0016 

s  Specimen  fractured. 

Elongation  after  fractiire,  0.24=  12  per  cent. 

Diameter  at  fracture,  0.39  inch. 

Sectional  area  at  fracture,  0.119  square  inch. 

Contraction  of  area,  40.3  per  cent. 

Position  of  fracture,  0.75  inch  from  the  neck. 

Appearance  of  fracture:  Silky,  trace  of  granulation. 


THE  EFFECTS  OF  SIMPLE  TENSILE  OVEBSTBAIIT  ON  THE 
TENSILE  PBOPEBTIES  OF  STEEL,  WITH  SPECIAL  BEGAED 
TO  THE  ELASTIC  LIMIT. 

This  test  was  carried  out  under  the  direction  of  Dr.  Henry  Fay  at 
the  Massachusetts  Institute  of  Technology. 

The  purpose  of  this  series  of  tests  was  5)  discover  some  of  the  physi- 
cal effects  of  simple  tensile  overstrain,  with  more  especial  attention 
paid  to  the  effect  on  the  elastic  limit  ia  tension. 

With  this  object  in  view,  an  effort  was  made  to  find  what  informa- 
tion there  was  already  available  along  this  line  in  order  that  this  test 
should  not  cover  any  ground  which  had  already  been  fuUy  and  satis- 
factorily covered  by  any  previous  work.  It  seemed  dimcult  to  dis- 
cover any  articles  bearmg  directly  on  the  subject  of  simple  over- 
strain, most  of  the  reported  tests  being  of  a  more  complicated  nature. 
In  a  few  cases,  however,  general  statements  as  to  the  effects  of  simple 
overstrain  were  found  but  with  no  accompanying  confirmatory  data. 

Howe,^  in  an  article  on  simple  overstrain,  quotes  from  Bairstow,^ 
who  says  that  simple  overstram  raises  the  yield  point  nearly  to  the 
overstraining  stress,  and,  if  followed  by  rest  or  gentle  heating,  raises 
the  proportionality  limit  beyond  that  stress.  He  then  goes  on  to  say- 
that  if  such  overstraia  is  preceded  by  stress  reversals,  then,  even  if 
followed  by  competent  heatings  instead  of  raising  the  proportionality 
Hmit  beyond  the  overstraining  stress  it  may  fail  to  raise  it  even  to 
that  stress. 

Mason,'  in  an  article  on  ^'The  phenomenon  of  yield  point  of  metals 
under  stress,''  makes  the  statement  that  only  after  a  long  period  of 
rest  after  the  overstraining  will  it  be  found  that  the  maximum  strength 
has  been  raised. 

Another  author  makes  a  statement  to  the  effect  that  the  elastic 
limit,  yield  point,  and  maximum  strength  are  all  raised  by  simple 
overstrain. 

For  the  present  no  further  reference  will  be  made  to  any  other 
works.  However,  it  should  be  said  that  recently  artides  have  been 
found  which  deal  directly  with  the  subject,  extracts  from  which  will 
appear  in  the  discussion  of  the  results  of  this  test. 

OUTLINE. 

Two  programs  were  adopted — the  first,  in  which  the  amount  of 
overstram  was  to  be  varied,  keeping  the  period  of  rest  constant;  and 
the  second,  in  which  the  time  of  rest  was  to  be  varied  while  the 
amoimts  of  overstrain  remained  the  same. 

As  the  result  of  the  preliminary  tests  on  specimens  in  the  annealed 
condition,  the  f oUowing  schedules  were  decided  upon :  First,  in  the 
case  of  the  variable  overstrain  series,  one  week  was  adopted  as  the 
period  of  rest.  Then  for  the  various  amounts  of  overstrain  the  stress- 
strain  diagram  of  the  annealed  specimen  was  taken  and  four  loads 

1  Proceedlnes  of  the  American  Society  for  Testlne  Materials.  1914,  Part  U,  page  7. 
■Collected  Researches,  National  Fhys.  Lab.,  Vol.  VII,  {wge  187. 
•  Trans.  Liverpool  Eng.  Boo.,  Vol.  34  (1913). 
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chosen  between  the  yield  and  the  maximum  strength.  This  consti- 
tuted the  original  program,  but  on  accoimt  of  some  unexpected 
results  obtained  in  the  tests,  it  seemed  necessary  to  add  three  more 
overstraining  loads.  The  first,  in  which  the  specimens  were  over- 
strained just  to  the  yield;  the  second,  in  which  the  specimens  were 
overstrained  just  through  the  yield;  and  the  third,  in  wnich  the  speci- 
mens were  overstrainea  to  the  maximum  load. 

Next,  for  the  variable  time  series,  28,000  poimds,  or  91,250  pounds 
per  square  inch,  was  adopted  as  the  load  to  which  to  stress  the  speci- 
mens. Four  different  periods  of  rest  were  chosen,  namely,  twenty 
minutes,  one  week,  two  weeks,  and  four  weeks. 

SPECIMENS. 

The  specimens  used  in  these  tests' were  prepared  at  the  Watertown 
Arsenal.     Their  chemical  composition  was  as  follows: 

Percent. 

Carbon 45 

Manganese 48 

Silicon 09 

Sulphur "...     .035 

PhosphoruB 035 

Nickel : 3 .  20 

They  were  f  inch  in  diameter  with  IJ-inch  screwed  ends,  the  dis- 
tance between  the  shoulders  being  long  enough  to  accommodate 
apparatus  set  on  a  10-inch  gage  length. 

AH  the  specimens  were  annealed  oy  heating  to  825°  C.  in  a  semi- 
muffle  furnace.  They  were  held  at  the  annealmg  temperature  for  one 
hour  and  allowed  to  cool  slowly  with  the  furnace. 

APPARATUS. 

The  machine  used  for  the  tests  was  the  100,000-pound  Riehle  in  the 
testing  laboratory  of  the  Massachusetts  Institute  of  Technology. 

The  extensometers  used  were  slightly  different  from  the  usuST  type. 
From  the  standpoint  of  accuracy,  the  readings  of  elongations  must 
be  divided  into  two  groups — those  up  to  the  yield  point,  and  those 
from  the  yield  to  the  rupturing  of  the  specimen. 

First  to  be  considered  is  the  method  used  in  taking  readings  up  to 
the  yield  point.  Inasmuch  as  an  accurate  determination  of  the  stress- 
stram  diagram  up  to  the  jield  point  was  necessary  in  order  to  detect 
changes  in  the  elastic  limit  and  modulus  of  elasticity,  it  was  essential 
to  find  some  method  of  reading  elongations  to  one  ten-thousandths  of 
ai)  inch  or  better.  The  ordinarv  ^inch  micrometer  extensometers 
were  clearly  not  to  be  considcrea.  The  precision  micrometer  exten- 
someters, arranged  with  an  electric  contact  device,  are  very  similar 
to  the  above,  out  the  required  accuracy  could  imdoubtedly  be 
obtained  with  them.  However,  besides  the  need  of  great  accuracy,  it 
seemed  quite  essential  that  an  extensometer  be  used  which  could  be 
read  more  quickly  than  the  micrometer  type.  To  this  end,  some 
experiments  with  Berry  extensometers  were  made.  In  order  to 
obtain  the  desired  accuracy,  it  was  necessary  that  the  instruments 
be  mechanically  fastened  to  the  specimen,  and.  a  method  of  doing  this 
was  adopted.  This  arrangement  allowed  of  freedom  from  contact 
throughout  a  test,  and  all  liability  of  error  due  to  personal  equation 
in  meting  adjustments  was  elimmated.    Figures  1  and  2  show  the 
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method  of  attachment.  A  slotted  strip  of  steel,  screwed  snugly  to 
the  frames  of  the  instruments,  holds  them  tightly  in  place  against  the 
specimen.    The  small  holes   into  which   the  Berry  extensometer 

Eoints  fit  are  made  with  a  No.  55  drill.  In  order  to  avoid  drilling 
oles  in  the  specimens  for  the  location  of  the  points,  two  split  collars 
were  prepared  which  could  be  attached  to  the  specimens  and  the  holes 
drilled  in  these. 

The  collars  and  specimens  were  carefully  indexed  so  that  it  was 
possible  to  have  the  Berrv  instruments  diametrically  opposite  and  in 
the  same  plane.  The  collars  were  made  so  that  a  surface  one-eighth 
inch  wide  was  in  contact  with  the  specimen.  As  they  were  made  to 
fit  the  specimens  in  their  annealed  condition,  it  became  necessarv  to 

Elace  cardboard  shims  under  them  when  testing  the  specimens  which 
ad  been  overstrained  enough  to  make  an  appreciaole  decrease  in 
their  diameter. 

In  order  to  get  some  idea  of  the  accuracy  of  this  Berry  extensome- 
ter arrangement,  the  following  experiment  was  made:  Tbe  Berry 
extensometers  were  attached  to  a  specimen  of  machine  steel,  and  to  the 
same  specimen  was  attached  a  1  Clinch  precision  electric  micrometer 
extensometer.  A  load  of  5,000  poimds  was  applied,  and  zero  setjtings 
were  made  on  the  extensometers.  A  load  of  15,000  pounds  was  then 
^tpplied  and  readings  taken,  after  which  the  load  was  decreased  to 
5,000  pounds  and  readings  were  again  taken.  This  operation  was 
repeated  four  times,  and  tEe  results  appear  in  the  following  tables: 

Calibration  of  Berry  extensomeUra. 

SPECIAL  STEEL  BAB  l^i^-INGH  DLAJCETEB. 

BERRY  EXTENSOMETERS,  8-INCH  GAUGE  LENGTH. 


Load. 

Left. 

Right. 

Average. 

DfffereDoe. 

Pound*. 

5,000 
15,000 

5,000 
15,000 

5,000 
15,000 

5,000 
15,000 

Total 
Avernge 
(UfiFerenoe 

Inch. 

aooooo 

.00325 
-.00020 

.00310 
-.00020 

.00307 
-.00015 

.00310 

Inch. 

aooooo 

.00030 
.00350 
.00030 
.00350 
.00030 
.00350 

Inch. 

aooooo 

.00327 
.00005 

.00330 
.00006 

.00320 
.00007 
.00330 

Intk. 

a00337 

•oosas 

.00324 

.00323 

.01209 
.003248 

PRECISION  ELECTRIC   HICROICETER   EXTENSOlfETERS,   16-INCH  GAUGE    LENGTH. 


Load. 

Left. 

Ri«^t. 

Sum. 

Average. 

Differ- 
ence. 

Differ, 
ence. 

2 

Pound*. 

6,000 
15,000 

5,000 
15,000 

6,000 
16,000 

6,000 
15,000 

Total.... 

Inch. 
a  2752 
.2684 
.2744 
.2679 
.27450 
.26795 
.27455 
.26795 

Inch. 
0.223S 
.2176 
.2246 
.2178 
.22440 
.21785 
.22425 
.21780 

Inch. 
a  4990 
.4860 
.4990 
.4857 
.49890 
.48580 
.49880 
.48575 

Inch. 
a  2495 
.2430 
.2496 
.24285 
.24945 
.24290 
.24940 
.24287 

Inch. 

a0065 

a  00325 

.00665 

.003325 

.00655 

.003276 

.00653 

.003266 

.02623 

16-inch  gage,  avwage  difference inch . .  a  006SM 

9-lndi  ^age,  average  diflereooe , do 003379 
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In  discussing  the  results  it  must  be  kept  in  mind  that  the  Berrys 
have  an  8-inch  gauge  length,  while  the  precision  electric  extensometer 
has  a  16-inch  gauge  length.  The  Berry  dial  reads  directly  to  0.0002 
inch,  and  if  read  carefully,  should  enable  one  to  estimate  to  0.00005 
inch.  The  micrometer  heads  on  the  precision  extensometer  read 
directly  to  0.0001  inch,  and  can  be  estimated  to  0.00002  inch.  But 
to  offset  the  apparent  advantage  of  the  latter,  is  the  fact  that  the 
personal  error  mtroduced  in  the  adjusting  of  the  micrometers  is 
avoided  in  the  case  of  the  Berrys.  In  order  to  have  a  definite  basis 
for  comparison,  assume  that  the  average  difference  as  obtained  bj 
the  precision. instruments  is  correct.  Now,  in  comparing  with  this 
the  results  as  obtained  with  the  Berrys,  we  find  the  average  difference 
as  obtained  with  the  Berrvs,  is  0.00003  inch  (0.003279  -  0.003248  inch) 
less  than  that  obtained  Dy  the  precision  instnmient.  However,  as 
before  mentioned,  the  Berrys  can  not  be  read  to  better  than  0.00005 
inch.  This  means  that  there  are  no  calibration  corrections  to  be 
applied  to  the  Berry  readings. 

In  the  t^t  proper,  it  will  be  seen  that  the  mean  of  each  pair  of 
Berry  readings  has  been  multiplied  by  f  in  order  to  change  the 
readmgs  to  a  10-inch  gauge  length.  This  was  done  that  the  results 
might  be  compared  with  certam  others.  No  error  has  been  intro- 
duced bj  so  doing,  inasmuch  as  it  is  safe  to  assume  that  up  to  the 
elastic  limit  the  specimen  wiU  elongate  uniformly. 

The  next  readings  to  be  considered  are  those  beyond  the  yield 
point.  In  adopting  a  measuring  device  for  these  readings,  accuracy 
takes  second  place,  as  readings  to  0.01  inch  are  sufficiently  accurate; 
and,  therefore,  the  important  thing  to  bear  in  mind  is  the  advant^e 
of  a  simple  attachment  which  can  oe  read  with  great  rapidity.  Tne 
scale  extensometer  adopted  really  needs  little  explanation,  as  it  can 
be  quite  clearly  seen  in  tne  photographs  Figs.  1  ana  2  of  the  Appendix. 
It  was  always  set  on  a  10-inch  gauge  length  in  these  tests. 

DESCRIPTIONS   OF  TESTS. 

In  overstraining  the  specimens  the  load  was  applied  by  power  feed 
nearly  to  the  elastic  limit.  From  there  on  it  was  appued  carefully 
by  hand,  in  order  to  obtain  the  yield  point  accurately.  Then  the 
power  feed  was  immediately  apphed  again,  at  the  rate  of  0.25  inch 
per  minute,  and  the  specimen  stressed  to  the  required  load.  Where- 
upon the  machine  was  immediately  reversed  until  the  load  was 
removed,  and  the  specimen  was  then  taken  out. 

TEST  PBOPEB. 

As  soon  as  the  specimen  was  in  position  in  the  machine,  the  Berry 
extensometers  and  the  scale  apparatus  were  attached.  The  machine 
was  then  balanced,  and  an  initial  load  of  1,000  poimds  put  on.  The 
Berry  dials  were  now  set  at  zero  and  the  scale  set  so  that  2  inches 
was  opposite  the  reference  point.  An  additional  load  was  now 
appUea  and  the  Berry  instruments  read.  In  this  way^  readings 
were  taken  all  the  way  up  to  the  yield  point,  the  loads  being  addra 
by  hand  to  the  yield  point. 

When  the  yield  pomt  was  reached,  the  Berry  extensometers  were 
quickly  removed,  and  the  load  applied  by  power  feed,  at  the  rate  of 
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0.25  inch  per  minute,  until  the  specimen  was  ruptured.  Up  to 
the  elastic  limit  the  time  element  naturally  does  not  anect  the  results. 
From  the  time  that  the  power  feed  is  thrown  in  until  the  specimen 
is  ruptured,  the  same  conditions  exist  for  all  tests.  That  leaves 
one  variable  period  in  the  test^  which  could  not  be  etiminated  en- 
tirely— ^namely,  the  time  elapsing  between  the  moment  the  elastic 
limit  is  passed  and  the  power  Ifeed  is  thrown  in.  Several  of  the 
tests  were  carefully  timeci,  but  no  noticeable  effects  which  could  be 
attributed  to  the  slight  variations  in  time  during  the  above-men- 
tioned period,  were  found. 

RESULTS. 

The  results  of  the^  tests  in  the  form  of  summary  data  and  plots 
appear  on  the  pages  immediately  following. 

The  data  and  corresponding  stress-strain  diagram  for  each  test 
will  be  foimd  in  the  Appendix. 

Annealed  condition. 


Group. 

Speci- 
men No. 

Original 

diameter 

(faich). 

Tnitial 

load 

(pounds). 

Original 

yield 
(pounds). 

Period 
or  rest 

New 

diameter 

(hich). 

Elastic 
limit 

(pounds 
P« 

square 

(inch). 

Average 

elastic 

limit 

(poimds). 

Yield 

point 

(pounds 

P« 

square 
inch). 

Al 

2 

3 

12 
34 
27 

0.6255 
.6250 
.6255 

18,200 
18,200 
18,400 

54.400 
55,400 
57,000 

55,600 

50,300 
59,300 
50,800 

Group. 

Average 

ylelT 

point 

(pounds). 

Maxi- 
mum 
load 
(poimds 

per 
square 
inch). 

Average 
maxi- 
mum 
load. 

Modulus 
of  elas- 
ticity 

(pounds 

per 
square 
hich). 

ela^ 

work 

(foot 

pounds 

per 
square 
inch  of 
speci- 
men). 

Total 
work  of 
rapture 

(Toot 
pounds 

per 
square 
inch). 

Diameter 
of  frac- 
tured 
section 
(inch). 

Reduc- 
tion in 
area 
(per 

cent). 

EloneA- 
tion 

,(P» 
[cent). 

Al 

2 

3 

50,500 

(  101,600 
{    09,100 
I    09,300 

100,000 

20,300,000 
28,900,000 
29,300,000 

42.2 
44.0 
45.8 

18,430 
14,000 
13,250 

0.4385 
.433 
.430 

50.9 
52.2 
53.8 

17.6 
18.5 
17.6 

OverBtrained  condition. 

VARIABLE  TIME  SERIES. 


1 1... 

13 

0.6255 

28,000 

19,600 

20min. 

0.6150 

14,160 

}    13,300 

r  04,300 

2... 

14 

.6250 

28,000 

18,000 

...do 

.6060 

12,500 

97,100 

n... 

5 

.6230 

28,000 

18,500 

1  week. 

.6115 

27,2ri0 

95,500 

2... 

7 

.6260 

28,000 

18,800 

...do..««. 

.6125 

26,150 

26,450 

95,100 

3... 

8 

.6260 

28,000 

18,800 

...do..... 

.6150 

25,900 

94,300 

4... 

11 

.6250 

28,000 

19,200 

...do 

.6160 

27,600 

04.700 

J  1... 

6 

.6250 

28,000 

17,500 

2  weeks. 

.6067 

25,250 

}    25,500 

97,600 

2... 

9 

.6250 

28,000 

19,800 

...do 

.6130 

25,7.')0 

,96,700 

K  1... 

4 

.6250 

28,000 

18,000 

4  weeks. 

.6090 

81,600 

32,000 

/  97.500 

2.... 

10 

.6255 

28,000 

18,200 

...do..... 

.6077 

32,400 

\  98,000 

1 1. 

2. 

F  1. 

2. 

3. 

4. 

J  1, 

2. 

K  1. 


108,800 
101,300 
106,400 
106,700 
106,700 
113,500 
103,400 
106,000 
103,700 
102,700 


I  105,000 
100,300 


105,700 
103,200 


i 


,500,000 
29,050,000 
28,700,000 
28,900,000 
29,400,000 
28,800,000 
",600,000 
.29,900,000 
28,960,000 
.29,400,000 


2.85 
2.13 
ia68 
9.01 
9.50 

laoo 

8.83 

9.30 

14.33 

14.87 


11,100 
7,300 
9,000 
9,800 

12,700 
9,600 
9,400 

10,500 
9,000 
8,700 


a  451 
.434 
.452 
.445 
.456 
.476 
.435 
.447 
.485 
.429 


46.3 
48.7 
45.5 
47.3 
45.0 
40.5 
48.7 
47.0 
49.0 
5a3 


12.9 
9.0 
10.3 
11.4 
14.5 

ia4 

11.3 
12.5 
11.0 
10.7 
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EFFECTS  OF  OVEBSTBAIN— VABIABLE  TTMK  SERIES. 

Initially  loaded  to  28,000  pounds.    (91,200  pounds  per  square  inch.) 
Average  original  yield,  18,800  pounds. 
Period  of  rest,  variable,  as  indicated. 
Specimens,  nickel  steel,  f  inch  in  diameter. 
Gage  length,  10  inches. 
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VARIABLE  OVERSTRAIN  SERIES. 
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DISCUSSION. 

Although  there  is  a  diversity  of  opinion  as  to  the  effects  of  tensile 
overstrain,  according  to  James  Mnir/  it  seems  to  have  been  more  or 
less  generally  known  for  some  time  that  the  ultimate  effect  of  such 
treatment  is  to  raise  the  elastic  Umit.    The  article  goes  on  to  say: 

More  recently,  however,  attention  has  been  called  to  the  &ct  that  primarily  the 
result  of  tensile  overstrain  is  to  make  the  iron  assume  a  semiplastic  state;  so  that  the 


itf/TfAL  LOAD  -VARIABLE,  AS  iifOiCATED. 
PERiOO  OF  PESr^  /  H/Sf/'/r.        ^ 
ePEaMEtia-tfiCMEL  STEEL  *  i^OiA. 


29p0(K00O 


aoooLoa  ^EiAsnaTY 


r 

4 


2(Koocr 


a4floo*        saood'  oofioo^ 


//f/r/AL   LOADS  ORSTRES&ES  APPLIED 
iti  OVERSTRAiNiiiG  THE  SPECiMEhS 


elastic  limit,  instead  of  being  raised  by  stretching,  is  first  of  all  lowered,  it  may  be, 
to  zero.  *  *  *  It  is  the  recovery  from  this  semiplastic  state,  induced  by  over- 
strain, to  a  condition  of  perfect  or  nearly  perfect  elasticity,  with  raised  elastic  limit, 
that  is  referred  to  in  the  title  of  the  paper  of  which  this  is  an  abstract.  Such  recovery 
is  known  to  be  affected  by  mere  lapse  of  time,  and    *    *    * 

Recovery  is  shown  to  be  at  first  comparatively  rapid;  but  subsequently  very  slow 
progress  is  made,  and  weeks  or  monthis  may  be  required  before  an  approximately 


t  Abstzaot  oommuxilcated  by  Prof.  Ewlng.    Proa  Ro]^  Soe.  (1898-0),  vol.  64,  page  337. 
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perfect  restoration  of  elasticity  is  effected .  When  this  is  brought  about,  the  specimen 
may  be  subjected  to  a  stress  a  few  tons  per  square  inch  higher  than  that  at  wnich  the 
virgin  material  yielded,  before  a  yield  point  is  passed  and  the  material  once  more 
brought  into  a  semiplastic  state. 

Turning  to  the  results  of  the  present  tests  in  which  the  period  of 
rest  was  varied,  it  is  quickly  seen  that  they  agree  very  nicely  with 
the  above  statements.  A  specimen  overstrained  and  immediately 
tested  has  a  very  low,  but  still  a  definite  elastic  limit.  As  the  period 
of  rest  is  increased  it  is  seen  that  the  elastic  limit  lises  quickly  at 
first,  but  more  gradually  as  time  goes  on.  It  is  impossible  to  state 
just  how  long  a  period  of  rest  womd  be  necessary  in  order  that  the 
elastic  limit  of  the  specimen  regain  its  original  value. 

Unwin  *  quotes  some  results  from  Bauschinger  and  draws  up  the 
following  conclusions: 

If  a  material  is  strained  to  or  beyond  the  yield  point,  unloaded,  and  again  imme- 
diately loaded — 

(a)  The  breaking  extension  is  diminished  and  the  breaking  load  somewhat  decreased. 

(b)  The  elastic  limit  is  lowered,  sometimes  to  zero,  and  the  modulus  of  elasticity  is  a 
little  d  iminished . 

(c)  The  yield  point  is  raised  to  the  stress  corresponding  to  the  previous  load. 

If,  after  the  fii^t  loading,  a  period  of  quiescence  is  allowed  before  the  second  load- 
ing— 

Id)  The  elastic  limit  rises  sometimes  above  its  initial  value. 

(e)  The  yield  point  rises  gradually  above  the  stress  corresponding  to  the  preyious 
load. 

Again  looking  at  the  results  of  the  present  tests,  there  is  evidently 
a  slight  disagreement  in  that  in  these  tests  the  modulus  of  elasticity 
apparently  increases  rather  than  decreases  a  small  amount  in  one  or 
two  cases.  Yet,  although  the  data  shows  these  small  increases  in  the 
modulus  of  elasticity,  it  looks  as  if  the  modulus  really  does  not  change, 
but  that  the  elastic  limits  were  very  low  and  there  were  too  lew 
points  taken  to  enable  the  true  line  to  be  drawn.  In  the  present 
tests  it  was  also  found  that  the  material  had  to  be  stressed  tnrough 
rather  than  to  the  yield  point  before  any  very  noticeable  effects  were 
produced.  The  results  of  the  variable  time  series  in  so  far  as  they 
were  carried  out  agree  closely  with  the  rest  of  the  above  statements. 

CONCLUSIONS. 

(a)  If  a  material  is  stressed  beyond  its  elastic  limit  but  only  to  the 
yield  point  and  is  then  rested  a  week  and  reloaded — 

(1)  The  elastic  limit  is  apparently  unaffected,  the  yield  point  and 
maximum  strength  are  eitner  not  affected  at  aU  or  are  only  very 
slightly  lowered,  the  modulus  of  elasticity  is  unchanged,  and  ap- 
parently the  period  of  rest  has  not  played  an  important  part. 

(b)  If  a  material  is  stressed  through  or  beyona  its  yield  point  and 
is  then  allowed  to  rest  for  one  week  and  reloaded — 

(1)  The  elastic  limit  is  found  to  be  a  httle  less  than  half  of  its 
original  value  and  apparently  remains  constant  for  varying  amounts 
of  overstrain  up  to  and  including  the  maximum  load. 

(2)  The  yield  point  is  raised  to  the  stress  corresponding  to  the 
overstraining  loaa. 

(3)  The  maximum  or  tensile  strength  is  raised  slightly,  the  amount 
increasing  with  the  increase  of  the  overstraining  load. 

^  Testing  of  materials  of  oonstroction,  Ch.  V ,  p.  118. 
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(c)  If  a  material  is  stressed  through  or  beyond  its  elastic  limit  and 
then  reloaded,  the  period  of  rest  being  made  a  variable,  it  is  found 
that — 

(1)  Immediately  after  overstraining  the  elastic  limit  is  about 
one-fourth  of  its  original  value,  but  increases  rapidly  at  first  and 
then  more  gradually  as  time  goes  on.  No  conjecture  as  to  the  lapse 
of  time  necessary  before  it  will  recover  iis  original  value,  or,  for 
that  matter,  whether  it  will  ever  fully  recover,  can  here  be  made, 
owing  to  the  limited  extent  of  the  test. 

(2)  The  yield  point,  as  before  stated,  is  raised  to  the  stress  cor- 
responding to  tne  previous  overstraining  load.  Increase  in  the 
period  of  rest  increases  it  veir  sUghtly. 

(3)  The  maximum  strength  inimeaiately  after  overstrain  is  a  little 
higher  thaix  its  original  value  in  the  annealed  condition  and  rises 
somewhat  during  the  first  week  of  rest.  Apparently,  however,  from 
then  on  it  decreases  gradually. 


APPENDIX. 


The  data  and  corresponding  stress-strain  diagram  for  each  test 
appear  on  the  following  pages: 


Test. 

Pages. 

Test. 

Pages. 

Groap  A 1 

1 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 
150 
152 
154 
156 

Group  F2 

158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 

2. 

3 

3 

4 

Bl 

01 

2. 

2 

Cl '.... 

3 

2 

HI 

Dl 

11 

2. 

2 

8 

Jl 

Bl 

2 

2, 

.     Kl 

3 

2:::.:::::::::::::.:.:.:::::::: 

PI 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN. 


Annealed. 


SPECQSEN  NO.  12,  GBOTJP  A  1. 


Load. 

ExtfflMonurters. 

Left. 

Right. 

Mean. 

S-lnch 
gauge. 

lO-inch 
gauge. 

t 

Pounde. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

17,600 

18,200 

17,200 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
30,500 
30,750 
31,000 
31,200 
30,000 
28,000 
26,000 
25,000 

Inch. 
0.00000 
.00090 
.00180 
.00265 
.00345 
.00430 
.00615 
.00595 

.(ms5 

.00780 
.00870 
.00960 
.01050 
.01140 
.01230 
.01320 
.01420 
.01480 
.01860 

Inch. 
0.00000 
.00060 
.00165 
.00250 
.00340 
.00430 
.00520 
.00610 
.00705 
.00790 
.00885 
.00970 
.01060 
.01150 
.01250 
.01340 
.01430 
.01490 
.0183 

Indi. 
0.00000 
.00085 
.00172 
.00257 
.00342 
.00430 
.00517 
.00602 
.00695 
.00785 
.00877 
.00965 
.01055 
.01145 
.01240 
.01330 
.01425 
.01485 
.01815 

Inches. 

0.00000 
.00106 
.00216 
.00322 
.00428 
.Oa'QS 
.00646 
.00781 
.00869 
.00981 
.01006 
.01206 
.01319 
.01431 
.01550 
.01663 
.01781 
.01856 

Scale 
reading. 
0.03 
.03 

.12 

.16 

.17 

.18 

.22 

.26 

.30 

.35 

.41 

.48 

.58 

.73 

.85 

.97 

1.14 

1.30 

1.62 

1.70 

1.75 

1 

■    "         : 
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EXPERIMENTS  ON   SIMPLE   OVERSTEAIN. 


Annealed. 


SPECQSEN  NO.  24,  GBOTJP  A  2. 


Lockd. 

Extonsometars. 

Left. 

Right. 

Mean. 

8-inch 
gauge. 

10-fnnh 
gauge. 

Pounds. 

1,000 

2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 

16,000 

16,500 

17,000 

17,400 

17,800 

18,200 

17,100 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
29,000 
30,000 
30,400 
30,400 
30,000 
29,000 
24,000 

Inch. 
0.00000 
.00060 
.00255 
.00430 
.00615 
.00790 
.00960 
.01150 
.01335 
.01380 
.01430 
.01470 
.01520 
.01600 

Inch. 
0.00000 
.OOO'/O 
.00250 
.00430 
.00615 
.00795 
.00980 
.01150 
.01330 
.01380 
.01425 
.01455 
.01505 

Inch. 
0.00000 
.00075 
.00253 
.00430 
.00615 
.00793 
.00070 
.01150 
.01333 
.01380 
.01428 
.01463 
.01513 
.0160 

Inch. 
0.00000 
.00094 
.00316 
.00538 
.00760 
.00991 
.01213 
.01438 
.01666 
.01725 
.01785 
.01829 
.01801 
.02000 

Scale 
reading. 
0.03 

.04 

.13 

.15 

.22 

.30 

.39 

.55 

.68 

.88 

::::::::::::i:::::::::::: 

1 

1 

1.70 
1.78 
1.80 

1 
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EXPEBIMENTS  ON  SIMPLE  OVERSTRAIN. 


Annealed. 


8FBCIMEN  NO.  27,  OBOXJP  A  3. 


Load. 

Extensometers. 

Left. 

Right. 

Mean. 

8-inch 
gauge. 

lO-hkch 
gaugB. 

Pounds. 

1,000 

2,000 

4,000 

6.000 

8,000 

10,000 

•12,000 

14,000 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

17,500 
19,000 

Inch. 
0.00000 
.00085 

.00260 
.00430 
.00600 
.00785 
.00955 
.01135 
.01320 
.01365 
.01410 
.01460 
.01530 

/ncft. 
0.00000 
.00105 
.00270 
.00440 
.00625 
.00805 
.00980 
.01165 
.01340 
.01390 
.01435 
.01470 
.01520 

Inch. 
0.00000 
.00095 
.00265 
.0(M35 
.00613 
.00793 
.00968 
.01150 
.01330 
.01378 
.01423 
.01465 
.01525 

Indi. 
0.00000 
.00119 
.00331 
.00544 
.00766 
.00994 
.01210 
.01438 
.01663 
.01722 
.01779 
.01831 
.01906 

Scale 
TtadHntt, 
0.03 

.13 

.20 

.34 

.47 

.55 

.69 

.94 

25,000 
27,000 
28,000 
29,000 
30,000 
30,500 
30,500 
30,000 
29,000 
26,000 
24,000 

1.60 
1.69 
1.75 
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EXPERIMENTS  ON   SIMPLE  OVERSTHAIN. 


SPECIMBN  NO.  15,  GBOXJP  B  1. 


Loaded  to  yield  (18,800  pounds). 
Period  of  rest  one  week. 


Lockd. 

Eztensometers. 

Left. 

Right. 

Mean. 

8-inch 
gauge. 

10-falch 
gauge. 

Pound*. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,100 

13,000 

14,000 

15,000 

16,000 

17,000 

17,600 

18,000 
17,000 
18,000 

ia,5oo 

19,000 
21,000 
23,000 
25,000 
26,000 
27,000 
28,000 
29,000 
29,500 
29,500 
29,300 
29,000 
27,000 
24,000 
23,000 

Inch. 
0.00000 
.00110 
.00230 
.00345 
.00435 
.00520 
.00620 
.00710 
.00800 
.00900 
.00980 
.01060 
.01160 
.01260 
.01340 
.01425 
.01500 
.01780 

Inch. 
0.00000 
.00075 
.00130 
.00195 
.00280 
.00350 
.00440 
.00525 
.00630 
.00715 
.00800 
.00900 
.00990 
.01090 
.01180 
.01270 
.01380 
.01580 

Inch. 
0.00000 
.000931 
.00180 
.00270 
.003575 
.00435 
.00530 
.006176 
.00710 
.006075 
.00800 
.00990 
.01075 
.01170 
.01260 
.013475 
.01440 
.01680 

Inch. 
0.00000 
.00116 
.00225 
.00R37 
.00447 
.005435 
.00663 
.00772 
.00888 
.01009 
.01113 
.01237 
.01344 
.01463 
.01575 
.01684 
.01800 
.02100 

SeaJe 
reading. 
.045 
.045 
.05 

.13 

.19 

.27 

.38 

.45 

.53 

.66 

.87 

1.16 

1.30 

1.40 

1.50 

1.59 

1.68 
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EXPERIMENTS  ON   SIMPLE  OVERSTBAIN, 

m 

SPECIMEN  NO.  16,  OBOXTP  B  2. 


Loaded  to  yield  (19,800  pounds). 
Period  of  rest  one  week. 


Load. 

Extenaometers. 

Left. 

Rigbt. 

Meui. 

S-lndh 
gauge. 

lO-fnnti 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

8.000 

9,000 

10,000 

11,000 

12,000 

13,100 

14,000 

15,000 

16,000 

17,000 

18,000 

18,600 

17,600 
19,000 
21,000 
23,  (KM) 
25,000 
27,000 
28,000 
29,000 
30,000 
80,600 
31,000 
31,140 
31,120 
30,000 
28,000 
24,700 

Inch. 

0.00000 
.00090 
.00186 
.00275 
.00366 
.00465 
.00540 
.00630 
.00720 
.00810 
.00900 
.00990 
.01090 
.01170" 
.01270 
.01350 
.01450 
.01540 
.0190 

Inch. 
0.00000 
.00070 
.00165 
.00245 
.00330 
.00430 
.00500 
.00590 
.00680 
.00765 
.00855 
.00945 
.01040 
.01120 
.01220 
.01310 
.01400 
.01500 
.01800 

Inch. 

0.00000 

.00080 

.00175 

.00260 

.003475 

.004475 

.00520 

.00610 

.00700 

.007875 

.008775 

.009626 

.01065 

.01145 

.01245 

.01330 

.01425 

.01520 

.01850 

Inchen. 

0.00000 
.00100 
.00219 
.00325 
.00434 
.00559 
.00650  V 
.00768 
.00875 
.00984 
.01096 
.01203 
.01331 
.01431 
.01556 
.01663 
.01781 
.01900 
.02312 

Scale 
reading. 

.085 

.05 

.16 

.22 

.80 

.41 

.48 

.58 

.73 

.86 
1.06 
1.16 
1.85 
1.53 
1.61 
1.68 

1 

■ 

1 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN. 


SPECIMEN  NO.  28,  OBOUP  C  1. 

Loaded  through  yield  (19,600  pounds). 
Period  of  rest,  one  week. 


Load. 

Extensometers. 

Left. 

Right. 

Mean. 

8-faich 
gauge. 

10-lnch 
gauge. 

rounds. 

1,000 

.     2,000 

3,000 

4,000 

5,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

18,000 

19,000 

19,400 

19,800 

19,100 
20,000 
22,000 
24,000 
26,000 
28,000 
29,000 
30,000 
30,600 
31,800 
32,000 
31,000 
28,000 
26,800 

Inch. 
0.00000 
.00005 
.00190 
.00280 
.00380 
.00490 
.00595 
.00680 
.00795 
.00895 
.01000 
.01105 
.01220 
.01330 
.01450 
.01570 
.01880 
.02060 
.0220 

Ama 

Inch. 

0.00000 
.00085 
.00165 
.00245 
.00335 
.00420 
.00510 
.00500 
.00695 
.00795 
.00900 
.01010 
.01120 
.01230 
.01360 
.01470 
.01760 
.01940 
.0210 
.0228 

Inch. 
0.00000 
.00090 
.001775 
.002623 
.003575 
.00455 
.005525 
.00635 
.00745 
.00845 
.00050 
.010575 
.01170 
.01280 

.ouoa 

.01520 

.01820 

.02000 

.0215 

.0233 

Inch. 
0.00000 
.00113 
.(J(r222 
.00828 
.00447 
.00569 
.00690 
.00794 
.00932 
.01056 
.01186 
.01323 
.01463 
.01600 
.01757 
.01900 
.02275 
.02500 
.02690 
.02910 

Scale 

reading. 

.02 

.03 

1 

.08 

1 

.15 
.22 
.32 
.39 
.49 

1 

1 

.  .  1    . 

1 

.97 
1.41 
1.52 

1 
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EXPERIMENTS  ON   SIMPLE  OVERSTBAIK. 


SPECIMEN  NO.  20,  OBOUP  C  2. 

Ijoaded  through  yield  (19,400  pounds). 
Period  of  rest,  one  week. 


Load. 

ExtaiLHometers. 

Left. 

Right. 

Mean. 

8-liich 
gauge. 

lO-inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

18,600 

19,000 

19,200 

19,400 

19,000 

19,800 

19.000 
20,000 
22,000 
2t,000 
26,000 
28,000 
29,000 
30,000 
30,800 
31,300 
31,600 
32,000 
31,000 
28,000 
26,500 

Inch. 
0.00000 
.00075 
.00165 
.00245 
.00326 
.00410 
.00500 
.00595 
.00695 
.00805 
.00920 
.01020 
.01140 
.01250 
.01385 
.01510 
.01650 
.01800 
.01920 
.02080 
.0212 
.0222 
.0231 
.0252 

Inch, 
0.00000 
.00090 
.00185 
.00280 
.00385 
.00475 
.00670 
.00662 
.00765 
.00865 
.00970 
.01075 
.01200 
.01315 
.01445 
.01565 
.01680 
.01820 
.01920 
.02050 
.02080 
.02170 
.02250 
.02420 

Inch. 
0.00000 
.000825 
.00175 
.002625 
.00355 
.004425 
.00535 
.00630 
.00730 
.00635 
.00045 
.010475 
.01170 
.012825 
.01415 
*    .015375 
.01665 
.0181 
.0192 
.0207 
.0210 
.02195 
.0228 
.0247 

Inch. 
0.00000 
.00103 
.00219 
.00328 
.00444 
.00553 
.00660 
.00788 
.00913 
.01044 
.01181 
.01308 
.01462 
.01601 
.01770 
.01920 
.02080 
.02260 
.02400 
.02587 
.02625 
.02746 
.0285 
.0209 

Scaie 
reading. 
.05 
.05 
.09 
.15 
.22 
.32 
.39 
.48 
.59 
.68 
.77 
.98 

EXPEBIMENIS  ON  SIMPLE  0VEB8IBAIN. 


143 


\ 

^^hL%* 

i 

1 

— 

ts 

• 

\M% 

k 

T 

1  1 

1 

5. 

i 

^2^^ 

t 

r 

-II 

if 

i 

VI 

t 

( 

« 

> 

"ij 

r 

— 

7 

a 

_C 

} 

-« 

li 

1 

A 

9 

ti! 

p 

• 

« 

*\/ 

a_ 

N 

Y 

\ 

<t 

^ 

\ 

s_ 

s 

\ 

^ 

s 

\ 

• 

^ 

H 

\ 

3 

« 

I 

■ 

\ 

si 

I 

\ 

-1 

1 

\ 

\ 

V 

1^ 

\ 

^^ 

^ 

% 

^  ^ 

\ 

S 

\ 

• 

\ 

* 

<^ 

_^ 

\ 

^ 

1- 

■ 

m 

^ 

\ 

% 

,^ 

\ 

v 

t 

* 

I 

_• 

. 

auo 

4   <fl 

7 

• 

« 

N 

'^ 

».. 

V 

i 

7    4 

fA/t 

i 

Wi 

^ 

N 

^ 

144 


EXPERIMENTS  ON   SIMPLE   OVERSTRAIN. 


SPECIMEN  NO.  17,  OBOXTP  B  1. 


Loaded  to  20,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Ezteoaometers. 

1 

Left. 

Right. 

1 
Mean. 

8-inch 
gauge. 

lO-inch 
gauge. 

Poundt. 

1,000 

2,000 

4,(XN) 

5,000 

6,000 

7,000 

7,600 

8,200 

9,000 

10,000 

11,000 

12,000 

14,000 

16,000 

18,000 

19,000 

20,000 

19,500 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
29,600 
29,000 
27,000 
23,500 

Inch. 
0.00000 
.00085 
.00265 
.00360 
.00450 
.00550 
.00600 
.00660 
.00740 
.00660 
.00970 
.01095 
.01330 
.01575 
.01870 
.02100 
.02530 

Inch. 

aooooo 

.00096 
.00265 
.00365 
.00450 
.00545 
.00600 
.00660 
.00750 
.00660 
.00965 
.01090 
.01330 
.01575 
.01860 
.02060 
.02460 

Inch. 
0.00000 
.00090 
.00265 
.008625 
.00450 
.005475 
.00600 
.00660 
.00745 
.00860 
.009675 
.010925 
.01330 
.01575 
.01865 
.02080 
.00495 

Inch. 
0.00000 
.00113 
.0(X131 
.00453 
.00563 
.00684 
.00750 
.00825 
.00931 
.01075 
.01209 
.01366 
.01663 
.01968 
.02330 
.02600 
.03120 

Scale 
reading. 
0-08 

.04 

.05 

.09 

.13 

.17 

.23 

.29 

.38 

.49 

.66 

.98 
1.19 
1.32 
L37 

•      ( 

( 

* 

- 

• 

1 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN. 


SPECIMEN  NO.  22,  OBOXTP  B  2. 


Loaded  to  20,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Ezt0iiaoiii6t6n. 

Lsft. 

Ri«£ht. 

Btam. 

8-iiioh 
gauge. 

10-tadi 
gauge. 

Poundi. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,(NN) 

8,U00 

9,000 

10,000 

11,000 

12,000 

13,000 

14.000 

15,000 

16,000 

17,000 

18,000 

19,UU0 

19,600 

20,200 

20,600 

19,800 
20,600 
21,000 
24,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
20,500 
31,000 
31,500 
32,000 
32,500 
83,000 
33,100 
32,000 
31,000 
29,  (XN) 
28,000 

Inch. 

aooooo 

.00095 
.00190 
.00295 
.00395 
.00490 
.00600 
.00700 
.00800 
.00910 
.01090 
.01120 
.01230 
.01345 
.01470 
.01590 
.01720 
.01850 
.02020 
.02170 
.02500 
.02900 

Inch. 

aooooo 

.00080 
.00150 
.00230 
.00305 
.00380 
.00465 
.00550 
.00630 
.00735 
.00840 
.00950 
.01055 
.01165 
.01280 
.01410 
.01535 
.01675 
.01860 
.09030 
.02410 
.02820 

IfUh. 

aooooo 

.000675 

.00170 

.002625 

.00350 

.00435 

.006325 

.006250 

.00715 

.008225 

.00930 

.01085 

.011425 

.01255 

.01376 

.01500 

.016273 

.017625 

.01940 

.02100 

.02455 

.02860 

Inch. 

aooooo 

.00109 
.00213 
.00328 
.00438 
.00544 
.00666 
.00781 
.00894 
.01098 
.01163 
.01204 
.01428 
.01560 
.01719 
.01875 
.02034 
.02903 
.02425 
.02625 
.03069 
.03575 

Seale 
reading. 

ao3 

.04 

.07 

.10 

.13 

.16 

.18 

.23 

.27 

.33 

.39 

.43 

.48 

.53 

.61 

.70 

.89 

1.05 

1.33 

1.37 

1.42 

****"•***""* 

•••......•. 
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EXPEKIMENTS  ON   SIMPLE  OVERSTRAIN. 
SPECIMEN  NO.  23,  QBOUP  D  3. 


Loaded  to  20,000  pounds. 
Period  of  rest,  one  week. 


IXMtd. 

Extensometers. 

Left. 

Right. 

Mean. 

8-inch 

10-lnch 

gauge. 

gauge. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

1,000 

aooooo 

0.00000 

aooooo 

aooooo 

2,000 

.00080 

.00080 

.00080 

.00100 

3,000 

.00160 

.00175 

.001675 

.00209 

4,000 

.00240 

.00275 

.002575 

.00322 

5,000 

.00320 

.00385 

.003525 

.00441 

6,000 

.00390 

.00480 

.004350 

.00544 

7,000 

.00470 

.00585 

.005275 

.00650 

8,000 

.00555 

.00690 

.006225 

.00778 

9,000 

.00645 

.00800 

.007225 

.00903 

.  10,000 

.00745 

.00910 

.008275 

.01034 

11,000 

.00850 

.01020 

.00935 

.01160 

12,000 

.00965 

.01135 

.01060 

.01313 

13,000 

.01075 

.01255 

.01165 

.01456 

14,000 

.01200 

.01380 

.01290 

.01613 

15,000 

.01330 

.01500 

.01415 

.01760 

16,000 

.01460 

.01620 

.01540 

.01925 

17,000 

it;  800 

.01610 

.01760 

.01685 

.02106 

.01700 

.01850 

.01775 

.02219 

18,200 

.01810 

.01950 

.01880 

.02350 

18,800 

.01940 

.02070 

.02005 

.02506 

19,400 

.     .02130 

.02240 

.02185 

.02731 

20,000 

.02620 

.02700 

.02660 

.03325 

20,000 

.02780 

.02860 

.02820 

.03525 

Scale 
reading. 

10,600 
21,500 
22,000 

.04 

.06 

.09 

23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
28,500 
29,000 
29,500 
30,000 
30,200 
30,300 
30,400 
30,000 
29,000 

.13 

.17 

.22 

.27 

.35 

.44 

.50 

.57 

.67 

.83 

.95 
1.03 

1.17 

1.60 

1.77 

28,000 

1.83 

26,000 
23,600 

1.87 

EXPEIUMENTS  ON   SIMPLE   OVEBSTBAIN. 
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EXPEBIMENTS  ON   SIMPLE  OVERSTRAIN. 


SPECIMEN  NO.  18,  QBOXTP  B  1. 


Loaded  to  24,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Eztenaometers. 

Left. 

Right. 

Mean. 

8-fiich 
gauge. 

10-ineh 
gauge. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000   , 
6,000   ' 
7,000 

7,eoo 

8,200 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
16,000 
18,000 
20,000 
22,000 
23,000 
24,000 

23,500 
24,000 
25,000 
26,000 
27,  (NX) 
28,000 
29,000 
29,500 
30,000 
30,000 
29,000 
27,000 
23,500 

Inch. 

aooooo 

.00090 
.00190 
.00290 
.00375 
.00465 
.00570 
.00620 
.00680 
.00750 
.00650 
.00970 
.01085 
.01190 
.01310 
.01550 
.01795 
.02070 
.02410 
.02600 
.03000 

Inch. 

aooooo 

.00070 
.00155 
.00250 
.00330 
.00410 
.00510 
.00560 
.00625 
.00700 
.00800 
.00910 
.01030 
.01135 
.01250 
.01500 
.01750 
.02020 
.02360 
.02660 
.02950 

Inch. 

aooooo 

.00060 

.001725 

.00270 

.003525 

.004375 

.00540 

.00590 

.006525 

.00725 

.00615 

.00940 

.010575 

.011625 

.01280 

.01525 

.017725 

.02045 

.02385 

.02580 

.02975 

Inch. 

aooooo 

.00100 

.00216 

.00338 

.00441 

.00647 

.00675 

.00738 

.00816 

.00906 

.01031 

.01175 

.01323 

.01454 

.01600 

.01907 

.02218 

.02555 

<0298 

.03226 

.0372 

Scale 
reading. 

.04 

.045 

.06 

.14 

.20 

.31 

.47 

.61 
1.03 
L35 
1.53 
1.61 
1.68 

• 

EZPEBIMENT8  ON  SIMPLE  OVBBSTBAIN. 
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EXPERIMENTS  ON   SIMPLE  OVEBSTBAIN. 


SPBCIMBN  NO.  26,  GBOXTP  E  2. 


Loaded  to  24,000  pounds. 
Period  of  rest,  one  week. 


Load. 


Poundi. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11.000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

23,400 

23,800 

24,200 


23,600 
24,200 
25,000 
26,000 
27,000 
28,000 
2S,500 
29,000 
29,300 
29,400 
29,000 
28,000 
27,000 
25,000 
22,500 


Extensometers. 


Left. 


Inch. 

aooooo 

.00090 
.00180 
.00275 
.00370 
.00460 
.00555 
.00640 
.00735 
.00830 
.00935 
.01050 
.01155 
.01270 
.01400 
.01520 
.01630 
.01760 
.01900 
.02050 
.02220 
.02370 
.02570 
.02740 
.02850 
.0300 


Rlfi^t. 


Inch. 

0.00000 
.00065 

.00175 
.00260 
.00355 
.00455 
.00550 
.00645 
.00745 
.00645 
.00055 
.01060 
.01165 
01290 
.01410 
.01550 
.01670 
.01800 
.01940 
.02090 
.02250 
.02420 
.02640 
.02800 
.02960 
.0300 


Mean. 


8-iBch 
gauge. 


Inch. 

aooooo 

.00088 
.00178 
.00268 
.00363 
.00458 
.00553 
.00643 
.00740 
.00838 
.00945 
.01055 
.01160 
.01280 
.01405 
.01535 
.01650 
.01780 
.01920 
.02070 
.02235 
.02395 
.02605 
.02770 
.02905 
.0300 


lO-inch 
gauge. 


Inch. 
0.00000 
.00110 
.00222 
.00335 
.00453 
.00572 
.00690 
.00603 
.00925 
.01047 
.01181 
.01319 
.01450 
.01600 
.  017£6 
.01919 
.02063 
.02225 
.02400 
.02588 
.02794 
.02994 
.03256 
.03463 
.03631 
.0375 

Scale 

reoding. 

.05 

.05 


.15 

.25 

.38 

.47 

.64 

.80 

1.06 

1.40 

1.50 

1.55 

1.61 

1.66 


EXPEBIMENTS  ON  SIMPLE  OVEBSTBAIN. 
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EXPEBIMENTS  ON   SIMPLE  OVEBSTRAIN. 


SPBCIMBN  NO.  26,  GBOXTP  E  3. 


Loaded  to  24,000  pounds. 
Period  of  rest,  one  week. 


LOIMl. 

Ezt«iiBomflt«s. 

Left. 

Right. 

lijBan. 

8-ineh 
gauge. 

10-inch 
gauge. 

PovmdM. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8,000 

0,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

10,000 

20,000 

21,000 

22,000 

23,000 

23,400 

23,800 

24,000 

24,000 

23,500 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
20,500 
30,000 
30,600 
31,000 
31,300 
31,400 
31,430 
31,000 
80,0U0 

Zndk. 

aooooo 

.00060 
.00180 
.00280 
.00380 
.00475 
.00560 
.00660 
.00760 
.00655 
.00065 
.01075 
.01105 
.01315 
.01430 
.01565 
.01680 
.01810 
.01030 
.02070 
.08230 
.02400 
.08620 
.08750 
.02020 
.03120 
.03200 

Inch, 

aooooo 

.00065 

.00155 
.00340 
.00330 
.00425 
.00606 
.00600 
.00715 
.00615 
.00030 
.01035 
.01155 
.01280 
.01405 
.01530 
.01650 
.01785 
.01010 
.08050 
.08200 
.02370 
.02600 
.02730 
.02010 
.03120 
.08210 

Zndk. 

aooooo 

.00073 

.00168 

.00860 

.00885 

.00450 

.00533 

.00630 

.00r38 

.00836 

.00048 

.01055 

.01175 

.01206 

.01418 

.01548 

.01673 

.01798 

.01920 

.03060 

.02215 

.03885 

.03610 

.08740. 

.08915 

.03120 

.03205 

Inch. 

aooooo 

.00091 
.00210 
.00825 
.00444 
.00562 
.00666 
.00787 
.00022 
.01044 
.01183 
.01310 
.01460 
.01622 
.01772 
.01934 
.03001 
.02247 
.08400 
.02575 
.08760 
.08061 
.03263 
.03425 
.08644 
.09000 
.04006 

Scale 

reading, 

.05 

.07 

.12 

.16 

.22 

.80 

.35 

.44 

.57 

.66 

.82 

.02 

1.08 

1,25 

1.82 

1.87 

1.40 

1.42 

1.45 

28,000 
27,000 
26,000 
24,060 

BXFEBIMBNIS  ON   SIMPLE  OVEBSTBAIN. 
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EXPERIMENTS  ON   SIMPLE  OVEBSTBAIN. 


SPECIMBN  NO.  6,  GBOXTP  F  1. 


Loaded  to  28,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Exteosometvs. 

Left. 

Ri^t. 

Mean. 

8-lxich 

10-inch 

S&uge. 

gauge. 

Pounds, 

Inch. 

Ifieh. 

Inch. 

Inches. 

1,000 

0.00000 

0.00000 

aooooo 

0.00000 

2,000 

.00095 

.00100 

.00008 

.00123 

4,000 

.00280 

.00270 

.00286 

.00856 

6,000 

.00470 

.Q0470 

.00470 

.00688 

8,000 

.00670 

.00660 

.00666 

.00832 

10,000 

.00885 

.00680 

.00683 

.01103 

12,000 

.01095 

.01100 

.01098 

.01372 

14,000 

.01330 

.01325 

.01328 

.01660 

16,000 

.01680 

.01575 

.01578 

.01972 

16.400 

.01620' 

.01615 

.01618 

.02028 

16,800 

.01680 

.01670 

.01676 

.02094 

17,000 

.01710 

.01705 

.01708 

.02136 

17,200 

.01730 

.01720 

.01725 

.02166 

17,600 

.01770 

.01766 

.01768 

.02210 

18,000 

.01820 

.01815 

.01818 

.02272 

18,400 

.01875 

.01870 

.01873 

.02341 

18,800 

.01920 

.01915 

.01918 

.02397 

19,200 

.01970 

.01970 

.01970 

.02463 

19,600 

.02080 

.02030 

.02030 

.02638 

20,000 

.02080 

.02060 

.02080 

.02600 

20,400 

.02130 

.02130 

.02130 

.02663 

20,800 

.02190 

.02180 

.02186 

.02731 

21,200 

.02240 

.02235 

.02238 

.02797 

21,600 

.02290 

.02290 

.02290 

.02863 

22,000 

.02345 

.02340 

.02343 

.02929 

22,400 

.02400 

.02400 

.02400 

.08000 

22,800 

.02460 

.02470 

.02466 

.08061 

23,230 

.02520 

.02515 

.02518 

.03147 

23,600 

.02580 

.02570 

.02576 

.03219 

24,000 

.02650 

.02640 

.02646 

.08306 

24,400 

.02720 

.02710 

.02716 

.08394 

24,800 

.02790 

.02780 

.02786 

.08481 

25,200 

.02870 

.02860 

.02866 

.03681 

25.600 

.02945 

.02940 

.02943 

.08678 

26,000 

.03030 

.03020 

.03026 

.03781 

26,400 

.03100 

.081 

.08100 

.08875 

26,800 

.03200 

.03200 

.08200 

.04000 

27,200 

.08340 

.03330 

.03336 

.04160 

27,600 

.03510 

.03500 

.08606 

.04381 

28,000 

.08900 

.03900 

.03900 

.04876 

Scale  read- 
ing. 

27,400 
28,000 
29,000 
30,000 
31,000 
31,800 
31,000 
29,000 
28,000 

a  06 

.06 

.09 

.20 

.35 

""'.'9i 

1.00 

1.03 

26,000 

EXPBBIMBNTS  ON  SIMPLE  OVEBSTBAIN. 
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EXPEMMENTS  ON   SIMPLE  OVERSTBAIN. 


SPECIMEN  NO.  7,  GBOTJP  F  2. 


Loaded  to  28,000  pounds. 
Period  of  rest,  one  week. 


Load. 


Poundt, 
1,000 
3,000 
4,000 
6,000 
8,000 
10,.000 
12,000 
14,000 
16,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23.000 
24,000 
25,000 
25,400 
25,800 
26,200 
26,600 
27,000 
27,400 
27,800 
28,000 


27,350 
28,000 
29,000 
30,000 
30,500 
31,000 
31,400 
31,000 
29,000 
27,000 
25,300 


Ezteiisomet«rs. 


Left. 


Inch, 

aooooo 

.00190 
.00280 
.00475 
.00680 
.00860 
.01090 
.01330 
.01580 
.01820 
.01945 
.02070 
.02210 
.02350 
.02500 
.02850 
.02810 
.02875 
.02940 
.03040 
.03170 
.03270 
.03390 
.03590 
.03800 


Right. 


0.00000 
,00180 
,00280 
,00475 
,00680 
,00815 

onoo 

, 01345 
,01600 
,01850 
01980 
,02110 
,02250 
,02390 


Mean. 


8-inch 
gauge. 


Inch. 

aooooo 

,00185 

,00280 

,00475 

,00680 

,00668 

01095 

,01338 

01590 

01835 

01963 

02090 

02230 

,02370 


10-inch 
gauge. 


Inehet, 

aooooo 

.00231 
.00350 
.00594 
.00850 
.01085 
.01369 
.01672 
.01988 
.02294 
.02453 
.02613 
.02788 
.02963 
.03125 
.08313 
.03513 
.03593 
.08675 
.08800 
.03963 
.04088 
.04238 
.04480 
.04750 

Scale  read- 
ing. 

aa^i 

.06 
.10 
.23 
.33 
.44 


.97 
1.06 
1.14 
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EXPERIMENTS  ON   SIMPLE  OVERSTRAIN, 


SPECIMEN  NO.  8,  GBOUP  F  3. 


Loaded  to  28,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Extensometers. 

Left. 

Rll^t. 

Mean. 

8-inch 

10-Inch 

gauge. 

gauge. 

Pounds. 

Inch. 

Ineh. 

Inch. 

Irtches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00090 

.00085 

.00088 

.00110 

3,000 

.00180 

.00185 

.00183 

.00229 

4,000 

.00273 

.00270 

.00270 

.00338 

5,000 

.00355 

.00360 

.00358 

.00447 

6,000 

.00445 

.00160 

.00453 

.00566 

7,000 

.00550 

.00550 

.00550 

.00688 

7,600 

.00600 

.00605 

.00603 

.00753 

8,000 

.00640 

.00645 

.00643 

.00803 

8,400 

.00680 

.00685 

.00683 

.00853 

8,800 

.00720 

.00730 

.00725 

.00906 

9,400 

.00785 

.00790 

.00788 

.00985 

10,000 

.00840 

.00855 

.00848 

.01060 

11,000 

.00955 

.00955 

.(10955 

.01194 

12,000 

.01065 

.01065 

.01065 

.01331 

14,000 

.01295 

.01305 

.01300 

.01625 

16,000 

.01545 

.01550 

.01548 

.01935 

18,000 

.01790 

.01790 

.01790 

.02238 

20,000 

.02040 

.02035 

.02038 

.02547 

22,000 

.02310 

.02300 

.02305 

.02881 

24,000 

.02620 

.02600 

.02610 

.03262 

2(^,000 

.02975 

.02950 

.02968 

.03703 

26,600 

.03120 

.03085 

.03103 

.03878 

27,200 

.03290 

.03250 

.03270 

.04088 

27,800 

.03610 

.03530 

.03570 

.04463 

28,000 

.03900 

.03800 

.03850 

.04813 

Scale 
reading. 

27,400 
28,000 
28,500 
29,000 
30,000 
31,000 
31,600 
32,000 
32,260 
32,300 
32,200 
32,000 
30,000 
28,000 
26,500 

0.06 

•»•••••••••• 

.08 

.16 

.28 

.37 
.61 

.66 

1.22 

1.40 
1.45 
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EXPERIMENTS  ON  SIMPLE  OVERSTRAIN, 


SPECIMEN  NO.  11,  OBOTJP  F  4. 


Loaded  to  28,000  pounds. 
Period  of  rest,  one  week. 


Load.     . 

Extensometers. 

Left. 

Right. 

Mean. 

8-faich 

10-inch 

gauge. 

gauge. 

Ptmndt. 

Inch. 

Inch. 

Inch. 

Indie$. 

1,000 

aooooo 

aooooo 

0.00000 

0.00000 

2,000 

.00070 

.00070 

.00070 

.00088 

4,000 

.00260 

.00250 

.00255 

.00319 

6,000 

.00460 

.00420 

.00440 

.00550 

8,000 

.00660 

.00600 

.00630 

.00738 

10,000 

.00860 

.00800 

.00830 

.01038 

12,000 

.01085 

.01020 

.01053 

.01316 

14,000 

.01310 

.  01240 

.01276 

.01594 

16,000 

.01545 

.01480 

.01513 

.01891 

18,000 

.01790 

.01730 

.01760 

.02200 

20,000 

.02035 

.01980 

.02008 

.02510 

22,000 

.02300 

.02230 

.02265 

.02831 

24,000 

.02610 

.02530 

.02570 

.08213 

25,000 

.02775 

.02685 

.02730 

.03413 

26,000 

.02950 

.02S55 

.02903 

.08629 

26,400 

.03040 

.02940 

.02990 

.03738 

26,800 

.03130 

.03040 

.03085 

.03856 

27,200 

'  .03220 

.03130 

.08175 

.03969 

27,600 

.03320 

.03280 

.03300 

.04125 

28,000 

.03600 

.03500 

.03550 

.04438 

'28,200 

.03720 

.03720 

.04650 

Scale 

reading. 

27,500 

28,000 

28,500    ' 

29,000 

29,500 

31,000 

32,000 

33,000 

33,500 

33,800 

32,000 

31,000 

20,000 

'*■•■"■"■" 

0.05 

.05 

::::::::::::  ::::::::::':i 

.10 
.21 

.27 

.43 

.57 

.... 



1.00 

1.04 

"1 
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EXPERIMENTS   ON   SIMPLE   OVERSTRAIN. 


SPECIMEN  NO.  10,  GBOTJP  G  1. 


Loaded  to  30,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Extenaometers. 

Left. 

Right. 

M6an. 

8-fnch 
gauge. 

10-Inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

7,600 

8,200 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

26,000 

28,000 

30,000 

29,200 
30,000 
30,500 
31,000 
31,400 
31,800 
32,000 
32,100 
32,000 
30,000 
29,000 
27,000 

Inch. 
0.00000 
.00090 
.00180 
.00280 
.00375 
.00460 
.00565 
.00615 
.00680 
.00755 
.00860 
.00980 
.01095 
.01210 
.01325 
.01570 
.01800 
.02060 
.02320 
.02500 
.02900 
.03280 
.04300 

Inch. 
0.00000  . 
.00090 
.00170 
.00260 
.00365 
.00450 
.00655 
.00610 
.00675 
.00770 
.00680 
.00990 
.OHIO 
.01220 
.01340 
.01590 
.01830 
.02090 
.02340 
.02620 
.02930 
.03310 
.04340 

Inch. 
0.00000 
.00090 
.00175 
.00270 
.00370 
.00455 
.00560 
.006115 
.006775 
.007625 
.00870 
.00985 
.011025 
.01215 
.01330 
.01580 
.01815 
.02075 
.02330'- 
.02605 
.02915 
.03295 
.0432 

Inches. 

aooooo  , 

.00113 

.00219 

.00338 

.00463 

.00569 

.00700 

.00766 

.00847 

.00953 

.01087 

.01231 

.01391 

.01519 

.01662 

.01976 

.02270 

.02583 

.02914 

.0326 

.0364 

.0412 

.054 

Scale 
reading. 

ao6 

.065 

.08 

.16 

.25 

.35 

.42 
1. 

LOS 
LIO 
1.18 



1.22 

1 1 
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EXPERIMENTS  ON  SIMPLE  OVEBSTRAIN. 


SPBCIMBN  NO.  20,  GBOXTP  G  2. 


Loaded  to  30,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Extensometers. 

Left. 

Right. 

Mean. 

8-inch 

10-inch 

gauge. 

gauge. 

Pounds. 

Inch, 

Inch. 

Inch. 

Inehfi. 

1,000 

0.00000 

aooooo 

aooooo 

0.00000 

2,000 

.00090 

.ooiio 

.00006 

.000926 

.00115 

3,000 

.00180 

.001851 

.00231 

4,000 

.00290 

.00280 

.00286 

.00356 

5,000 

.00375 

.00370 

.003725 

.00466 

6,000 

.00470 

.00465 

.004675 

.00684 

7,000 

.00505 

.00660 

.005625 

.00708 

8,000 

.00670 

.00670 

.00670 

.00638 

9,000 

.00770 

.00776 

.007725 

.00966 

10,000 

.00885 

.00885 

.00885 

.01106 

11,000 

.01000 

.01006 

.010025 

.01253 

12,000 

.01106 

.01115 

.01110 

.01388 

13,000 

.01230 

.01240 

.01235 

.01544 

14,000 

.01340 

.01350 

.01345 

.01681 

15,000 

.01465 

.01466 

.01465 

.01831 

16,000 

.01590 

.01590 

.01590 

.01988 

18,000 

.01835 

.01840 

.018375 

.02297 

20,000 

.02095 

.02090 

.020966 

.02616 

22,000 

.02370 

.02370 

.02370 

.02968 

24,000 

.02640 

.02640 

.02640 

.03300 

26,000 

.02950 

.02960 

.02965 

.03694 

27,000 

.03120 

.03140 

.03130 

.08913 

28,000 

.03130 

.03350 

.03340 

.04175 

29,000 

.03620 

.08620 

.03620 

.04525 

30,000 

.04300 

.04300 

.04300 

.06376 

8eaU 
reading. 

29,000 
30,000 
31,000 
31,300 
31,600 
81,800 
81,900 
81,800 
31,700 
28,900 
25,800 

0.06 

.066 

'"'^ '!!!!!!!'!!!! 

.17 

.26 



.40 



.49 

. . 

.67 



.86 

i 

.92 



1.18 

1.28 

' 
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EXPEEIMENTS  ON  SIMPLE  OVERSTBAIN. 


SPECIMEN  NO.  21,  GBOTTP  G  3. 


Loaded  to  30,000  pounds. 
Period  of  rest,  ono  week. 


Load. 

Extensometers. 

Left. 

Right. 

Mean. 

8-inch 
gauge. 

10-inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

26,000 

28,000 

30,000 

29,200 
30,000 
32,000 
33,000 
33,500 
34,000 
34,300 
34,400 
34,000 
32,000 
30,860 

Incli. 
0.00000 
.00090 
.00180 
.00285 
.00375 
•  OOMO 
.00575 
.00675 
.00785 
.00900 
.01010 
.01130 
.01250 
.01375 
.01615 
.01865 
.02120 
.02400 
.02690 
.03030 
.03470 
.0440 

Inch. 
0.00000 
.00075 
.00170 
.00270 
.U»50 
.00440 
.00540 
.00640 
.00740 
.00645 
.00945 
.01065 
.01165 
.01280 
.01500 
.01740 
.01975 
.02220 
'    .02480 
.02780 
.03100 
.03810 

Inch. 
0.00000 
.000625 
.00175 
.002775 
.003625 
.00160 
.005575 
.006576 
.007625 
.008725 
.009776 
.010975 
.012075 
.013275 
.015575 
.018025 
.02048 
.0231 
.02585 
.02905 
.03285 
.04100 

Inches. 

0.00000 
.00103 
.00219 
.00347 
.00453 
.00575 
.00697 
.00822 
.00953 
.01090 
.01222 
.01372 
.01509 
.01659 
.01947 
.02253 
.02560 
.02887 
.03231 
.03631 
.04106 
.05125 

ScaU 
reading. 

.05 

.06 

.15 

.25 

.35 

.47 

.60 

.73 
1.02 
1.13 

' 

"""■•"""■■•" 

1 
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EXPERIMENTS  ON  SIMPLE  OVERSTRAIN. 


SPECIHEN  KO.  30,  GROUP  H  1. 


Loaded  to  31,000  pounds. 
Period  of  rest,  one  week. 


Load. 

Eztensometers. 

Lett. 

Right. 

Mean. 

8-Inch 

10-inch 

gauge. 

gauge. 

PoundM. 

Inch. 

Inch. 

Inch. 

Inch. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00090 

.00065 

.000876 

.000109 

3,000 

.00190 

.00180 

.00185 

.00231 

4,000 

.00290 

.00270 

.00280 

.00350 

5,000 

.00410 

.00880 

.00395 

.00494 

6.000 

.00510 

.00460 

.00485 

.00606 

7,000 

.00620 

.00560 

.00590 

.00737 

8,000 

.00730 

.00660 

.00695 

.00868 

9,000 

.00830 

.00765 

.007975 

.00996 

10,000 

.00950 

.00880 

.009150 

.01144 

11,000 

.01060 

.01000 

.01030 

.01287 

12,000 
12,000 

.01175 
.01180 

.0120 
.01130 

.011475 
.01155 

.01443 

14,000 

.014.% 

.01370 

.01400 

.01750 

16,000 

.01690 

.01610 

.01650 

.02060 

18,000 

.01930 

.01870 

.OlfiOO 

.02375 

20,000 

.02180 

.02130 

.02155 

.02605 

22,000 

.02460 

.02410 

.02435 

.03045 

24,000 

.027400 

.02690 

.02715 

.08390 

26,000 

.03080 

.02980 

.03005 

.03755 

28,000 

.03370 

.03340 

.03355 

.04185 

30,000 

.03830 

.03840 

.03835 

.04790 

30,400 

.03980 

.03980 

.0398 

.04975 

30,600 

.0410 

.04140 

.0412 

.0515 

30,800 

.0426 

.04320 

.0429 

.0536 

31,000 

.0445 

.04500 

.04475 

.0560 

ScaU 
reading. 

30,300 
31,000 
31,600 
31,700 
31,800 
31,700 

.06 

.065 

.10 

.25 
.82 

1 

. 

.40 

.50 

31,000 
80,000 
28,000 
27,000 
26,400 

.65 

.72 

.78 

......•••.. •!.... ........ 

.82 

••-.-•| 

1 1                                         1 
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EXPERIMENTS  ON  SIMPLE  OVEBSTRAIN. 


SPECIMEK  NO.  13,  QBOUP  I  1. 


Loaded  to  28,000  pounds. 
Period  of  rest,  20  minutes. 


Load. 

BxtflDsomctors . 

T^t. 

Right. 

Mean. 

8-inch 
gauge. 

10-inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

26,000 

27,000 

28,000 

27,100 
28,000 
29,000 
30,000 
31,000 
31,500 

82,000 

32,200 
32,300 
31,000 
29,000 
.26,200 

Tnch. 
0.00000 
.00080 
.00175 
.00265 
.00365 
.00470 
.00565 
.00675 
.00775 
.00890 
.00995 
.01095 
.01210 
.01335 
.01565 
.01810 
.02050 
.02315 
.02610 
.02970 
.03240 
.03800 

Inch. 
0.00000 
.00090 
.00185 
.00275 
.00370 
.00475 
.00576 
.00680 
.00785 
.00900 
.01010 
.01115 
.01220 
.01345 
.01570 
.01820 
.02060 
.02330 
.02620 
.02990 
.03260 
.03800 

Tnch. 

aooooo 

.00085 

.00180 

.00270 

.003675 

.004725 

.00570 

.006775 

.00780 

.00895 

.010025 

.01105 

.01215 

.01340 

.015675 

.01815 

.02055 

.02323 

.02615 

.02980 

.03250 

.03800 

Inch. 
0.00000 
.00106 
.00225 
.00338 
.004^9 
.00591 
.00713 
.00847 
.00975 
.01119 
.01253 
.01381 
.01519 
.01675 
.01959 
.02269 
.02569 
.02904 
.03269 
.03725 
.04062 
.04750 

Scale 
reading. 
0.05 

.055 

.10 

.18 

.32 

.41 
/     .55 
\     .65 

.72 

.95 
1.16 
1.23 
L29 
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EXPEBIMENTS  ON  SIMPLE   OVEBSTRAIN. 


SPECIMEN  NO.  14,  GBOTTF  I  2. 


Loaded  to  28,000  pounds. 
Period  of  rest,  20  minutes. 


Load. 

Eztensometers. 

Left. 

Right. 

Mean. 

8-!nch 
gauge. 

lO-inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

«,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

26,000 

27,000 

28,000 

26,900 
28,000 
29,000 
29,200 
28,000 
26,000 
23,200 

Inch. 

aooooo 

.00085 

.00180 
.00290 
.00390 
.00495 
.00605 
.00715 
.00835 
.00945 
.01055 
.01190 
.01300 
.01430 
.01680 
.01920 
.02190 
.02450 
.02/VO 
.03170 
.03430 
.04200 

Inch. 

aooooo 

.00095 
.00190 
.00295 
.00400 
.00515 
.00625 
.00740 
.00865 
.00970 
.01080 
.01215 
.01330 
.01460 
.01705 
.01950 
.02230 
.02500 
.02930 
.03230 
.03500 
.04300 

ilnch. 
0.00000 
.00090 
.00185 
.002925 
.00395 
.00505 
.00615 
.00/7/5 
.00850 
.009575 
.010675 
.012025 
.01315 
.01445 
.016925 
.01935 
.02210 
.02475 
.028U0 
.03200 
.03475 
.04250 

Inch. 
0.00000 
.00113 
.00231 
.00366 
.00494 
.00631 
.00768 
.00909 
.01063 
.01196 
.01334 
.01503 
.01643 
.01806 
.02115 
.02420 
.02765 
.03095 
.0350 
.0400 
.0434 
.0531 

Scale 

reading, 

a055 

.06 

.27 

.40 

.77 

.86 

.90 

■"•"■•"■   •   ■ 

.•...•....•.■.•■•••.••■•a 

...•.•.••..•■••.«.•...•.. 

1 
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EXPERIMENTS  ON   SIMPLE   OVERSTRAIN. 


SPECIMEN  NO.  6,  GBOTTP  J  1. 


Loaded  to  28,000  pounds. 
Period  of  rest,  two  weeks. 


Load. 

Extensometers. 

Left. 

Right. 

Mean. 

8-inch 
gauge. 

10-faidi 
gauge. 

Pownis. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

20,000 

22,000 

24,000 

26,000 

28,000 

28,000 

27,600 
28,000 
29,000 
29,830 
29,830 
29,930 
29,750 
29,500 
29,000 
28,000 
27,000 
26,000 
24,000 

Inch. 
0.00000 
.00100 
.00195 
.00290 
.00390 
.00490 
.00585 
.00690 
.00790 
.00900 
.01000 
.01110 
.01220 
.01340 
.01455 
.01570 
.01705 
.01840 
.02100 
.02360 
.02640 
.03040 
.03740 
.04100 

Inch. 
0.00000 
.00090 
.00170 
.00260 
.00360 
.00440 
.00535 
.00640 
.00730 
.00835 
.00940 
.01040 
.01140 
.01250 
.01380 
.01475 
.01600 
.01730 
.01980 
.02240 
.02530 
.02890 
.03490 
.03830 

Inch. 
0.00000 
.00095 
.001825 
.00275 
.00375 
.00465 
.00560 
.00665 
.00760 
.008675 
.00970 
.01075 
.01180 
.01295 
.014175 
.015225 
.016525 
.01785 
.02040 
.02300 
.02,'>85 
.02965 
.03615 
.03965 

Inches. 

0.00000 
.00119 
.00228 
.00344 
.00469 
.00581 
.00700 
.00831 
.00950 
.01084 
.01213 
.01344 
.01475 
.01619 
.01772 
.01903 
.02066 
.02230 
.0255 
.0282 
.0323 
.0370 
.0451 
.0495 

8cale 

reading, 

.05 

.06 

.07 

.48 

.67 

.85 

.93 

1.00 

1.03 

1.06 

1.10 

,      . 

1.13 
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EXPERIMENTS  ON   SIMPLE  OVEBSTBAIN, 


SPECIMEN  NO.  9,  GBOTTP  J  2. 


Loaded  to  28,000  pounds. 
Period  of  rest,  two  weeks. 


Load. 

Extanaomstars. 

Left. 

Right. 

Mean. 

S-lnch 
gauge. 

10-inch 
gauge. 

Pounds. 

1,050 

2,050 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

18,000 

20,000 

22,000 

24,000 

26,000 

28,000 

28,000 

• 

27,400 
28,000 
29,000 
30,000 
30,400 
31,000 
31,400 
31,600 
31,800 
31,900 

Inch. 
0.00000 
.00100 
.00185 
.00275 
.00365 
.00455 
.00540 
.00640 
.00745 
.00845 
.00940 
.01055 
.01160 
.01275 
.01395 
.01510 
.01755 
.02015 
.02280 
.02580 
.02910 
.03560 
.04560 

Inch. 
0.00000 
.00090 
.00175 
.00265 
.00360 
.00455 
.00550 
.00645 
.00750 
.00860 
.00960 
.01075 
.01190 
.01300 
.01415 
.01640 
.01775 
.02035 
.02310 
.02620 
.02960 
.03620 
.04640 

Inch. 
0.00000 
.00095 
.00180 
.00270 
.0(m25 
.00455 
.00545 
.006425 
.007475 
.008525 
.009500 
.01065 
.01175 
.012875 
.01405 
.01675 
.01765 
.02025 
.02295 
.02600 
.02935 
.03690 
.04600 

Incha. 

0.00000 
.00119 
.00225 
.00338 
.00453 
.00569 
.00681 
.00603 
.00034 
.01066 
.01188 
.01331 
.01469 
.01609 
.01756 

.02206 

.02531 

.0287 

.0325 

.0367 

.0448 

.0576 

Scale 
fading. 

.06 

.07 

.10 

.18 

.25 

.35 

.45 

.54 

.63 

.90 

.90 
1.00 
1.06 
1.09 
1.20 
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1 

*  " "                          1 

' 

81,700 
31,400 
31,000 
28,000 
25,800 

^ 

1       .  - 

1 

1.25 

1 

1 
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EXPERIMENTS  ON  SIMPLE  OVERSTRAIN. 


SPECIMEN  KO.  4,  QBOUP  K  1. 


Loaded  to  28,000  pcrunds. 
Period  of  rest,  four  weeks. 


Load. 

Extenaometers. 

Left. 

Right. 

Mean. 

S-inch 

lO-incfa 

gauge. 

gauge. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inches. 

1,000 

0.00000 

0.00000 

0.00000 

0.00000 

2,000 

.00105 

.00095 

.00100 

.00125 

3,000 

.00190 

.00180 

.00185 

.00231 

4,000 

.00280 

.00280 

.00280 

.00350 

5,000 

.00385 

.00375 

.00380 

.00475 

6,000 

.00470 

.00470 

.00470 

.00588 

7,000 

.00565 

.00575 

.00570 

.00713 

8,000 

.00660 

.00670 

.00665 

.00831 

9,000 

.00775 

.00775 

.00775 

.00960 

10,000 

.00865 

.00875 

.00870 

.01087 

11,000 

.00975 

.00975 

.00975 

.01219 

12,000 

.01065 

.01060 

.010625 

.01328 

13,000 

.01170 

.01165 

.011675 

.01450 

14,000 

.01270 

.01270 

.01270 

.01587 

15,000 

.01370 

.01370 

.01370 

.01712 

17,000 

.01590 

.01590 

.01590 

.01087 

19,000 

.01825 

.01815 

.01820 

.02275 

21,000 

.02075 

.02050 

.02063 

.02579 

23,000 

.0233 

.02310 

.0232a 

.02900 

25,000 

.02625 

.02615 

.02620 

.03275 

28,000 

.02820 

.02810 

.02815 

.03519 

27,000 

.03020 

.03010 

.03015 

.03669 

27,600 

.03160 

.03150 

.03155 

.03944 

28,000 

.03340 

.03310 

.03325 

.04156 

28,400 

.03520 

.03500 

.03510 

.04588 

Scale 
reading. 

27,800 
29,000 

0.045 

.05 

29,400 
29,800 
30,000 
30,200 
30,200 
30,000 
28,000 
28,000 
24,000 

.19 

.81 

.40 

.54 

.75 

.85 

1.00 

1.06 

1.10 
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EXPEBIMEKTS  OK  SIMPLE  OVEBSTBAIK. 


SPECIMEN  NO.  10,  GBOUP  K  2. 


Loaded  to  28,000  pounds. 
Period  of  rest,  four  weeks. 


Load. 

Extflbsometars. 

Left. 

Right. 

Mean. 

8-iiich 
gauge. 

10-inch 
gauge. 

Pounds. 

1,000 

2,000 

3,000 

4,100 

5,000 

6,000 

7,000 

8,000 

8,400 

8,600 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

17,000 

19,000 

21,000 

23,000 

25,000 

27,000 

27,600 

28,000 

28,400 

27,800 
29,  (NN) 
29,200 
29,600 
29,800 

Inch. 
0. 00000 
.00090 
.00185 
.00285 
.00365 
.00460 
.00660 

Inch. 
0.00000 
.00080 
.00175 
.00280 
.00360 
.00460 
.00560 

Inch. 
0.00000 
.00085 
.00180 
.002825 
.003625 
.00460 
.00560 

Inchet. 

0.00000 
.00106 
.00225 
.00353 
.00453 
.00575 
.00700 

.00685 

.00700 

.00735 

.00830 

.00920 

.01020 

.01120 

.01220 

.01320 

.01545 

.01780 

.02010 

.0227 

.0260 

.0297 

.0312 

.0327 

.0348 

.00695 

.00710 

.00755 

.00660 

.00960 

.01070 

.01180 

.01275 

.01380 

.01600 

.01850 

.0210 

.0238 

.0272 

.0313 

.0829 

.0345 

.0367 

.00600 

.00705 

.00745 

.00845 

.00940 

.01045 

.01150 

.012475 

.01350 

.015725 

.01815 

.02055 

.02325 

.02660 

.03050 

.03205 

.03360 

.03575 

.00863 

.00881 

.00031 

.01056 

.01175 

.01306 

.01437 

.01559 

.01687 

.01966 

.02270 

.0257 

.0290 

.0832 

.0381 

.0401 

.0420 

.0447 

Scale 
reading. 
0.06 

.06 

.21 

.86 

.49 

.67 

.86 

.95 
1.02 
1.07 

29,800 

29,000 
28,000 
26,000 
23,000 

i-- 
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HEAT   TBEATMEITT  OF  HTPOEITTECTOID  CABBOIT  STEEL 

CASTIiraS. 

The  following  report  covers  an  investigation  of  the  heat  treatment 
of  hypoeutectoid  carbon  steel  castings. 

Prof.  H.  M.  Howe's  recommendea  practice,  as  quoted  from  his 
paper  on  the  subject,  is  as  follows: 

RECOMMENDED  PRACTICE. 

Heat  to  somewhat  above  Ac3,  to  temperatures  varying  with  the  carbon  content, 
as  follows: 

Temperatare, 
C.  per  cent.  degrees  C. 

Up  to  .12 875-925 

.12  to  .29 840-875 

.30  to  .49 815-840 

.50  to  1.00 790-815 

for  from  two  to  four  hours;  or  heat  to  some  1,200^  G.  for  a  few  minutes,  cool  in  air, 
and  reheat  to  temperatures  above  Ac3.  After  these  heatings,  cool  at  rates  varying 
with  the  size,  shape,  and  carbon  content  of  the  piece,  and  with  the  physical  properties 
it  is  desired  to  give  the  steel. 

This  practice  varies  chiefly  in  only  one  detail  from  that  in  use  at 
this  arsenal.  This  point  of  variance  is,  that  after  the  removal  of 
ingotism  has  been  accomplished  by  a  heating  above  the  Ac3  point, 
followed  by  an  air  chill,  tne  pieces  are  then  reheated  to  a  point  just 
above  the  Acl  point,  whereas  Prof.  Howe's  practice  recommends 
that  this  second  heating  shall  be  carried  above  the  Ac3.  The  prin- 
cipal point  for  investigation  then  was  to  find  out  which  of  these  two 
methods  of  reheating  resulted  in  better  physical  properties.  The 
program  laid  out  to  accomplish  this  was  as  loUows: 

Cast  in  one  dry  sand  mold  a  slab  16  by  10  by  2 J  inches  of  our 
regular  No.  3  cast  steel,  approximating  C.  0.45,  Mn.  0.60.  Let  cool 
in  mold  and  cut  up  in  pieces  6  by  1  by  1  inch.  Make  chemical  analy- 
ses and  micrographs  of  the  metal  as  cast. 

Heat  six  bars  to  1,200°  C.  for  a  few  minutes  and  cool  in  air.  Make 
a  micrograph.  Heat  12  bars  to  just  above  Ac3  and  hold  for  two 
hours,  then  cool  in  air.    Make  a  micrograph. 

Of  these  last  12  bars,  reheat  six  lust  above  Ac3  and  quench 
three  in  oil  and  three  in  air:  reheat  the  second  six  just  above  Acl 
and  quench  three  in  oil  and  three  in  air.    Make  micros. 

Test  two  of  each  set  in  tension  and  make  Charpy  impact  bars  from 
the  other  of  each  set. 

Depending  upon  the  results  of  physical  tests  of  the  last  12 
bars,  give  the  fi^t  six  bars  a  suitable  heat  treatment;  that  is,  quench 
in  air  and  oil  from  just  above  the  Ac3  or  Acl,  depending  on  which 
quenching  temperature  gives  the  best  physical  properties. 

The  program,  as  planned,  was  carernlly  carried  out.  Chemical 
analysis  showed,  the  composition  to  be  as  follows: 

Per  cent. 

Carbon 0. 48 

Manganese 66 

SiUcon r. 285 

Sulphur 047 

Phosphorus 028 
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The  heat-treating  operations  were  carefully  done  in  small  elec- 
trically heated  muffle  furnaces.  Temperatures  were  registered  by 
means  of  caUbrated  rare  metal  couples,  and  the  laboratory  Leeds  & 
Northrup  precision  potentiometer. 

The  specimens  were  then  machined  and  tested,  and  the  results 
are  reported  in  Tables  I,  II,  and  III.  Table  I  gives  the  complete 
tensile  and  hardness  results;  Table  II  gives  complete  Charpy  impact 
test  results,  and  Table  III  gives  the  average  values  of  all  tests. 

An  examination  of  the  tables  will  show  that  for  this  steel  (C. 
0.48  per  cent,  Mn.  0.66  per  cent)  there  is  practically  no  difference  in 
the  resulting  physical  properties,  whether  the  steel  is  cooled  from 
above  the  Ac3  or  the  Acl  point.  For  instance,  in  Table  III,  con- 
sider the  specimens  H  7,  8,  and  9,  in  comparison  with  those  marked 
H  10,  11,  and  12.  These  pieces  were  oil  quenched  from  825^  C. 
and  760®  C,  respectively^  and  what  slight  dilBEerence  there  is  seems  to 
be  in  favor  of  the  specmiens  cooled  from  the  lower  temperature. 
The  strength  and  resistance  to  shock  are  slightly  higher  for  the 
specimens  oil  quenched  from  760*^  C.  than  for  those  oil  Quenched 
from  825®  C,  wnile  the  ductility  figures  are  the  same  for  botn. 

In  the  case  of  the  air-cooled  specimens,  the  preference  seems  to  be 
with  the  specimens  cooled  from  825®  C,  though  in  this  case  the  ad- 
vantage is  in  ductility  rather  than  strength  or  resistance  to  shock. 
The  amount  of  variance  in  all  cases  is  small,  and  seems  to  point  to 
the  conclusion  that  for  steel  of  this-  carbon  content  it  is  immaterial 
whether  the  quenching  be  done  from  above  the  Ac3  or  the  Acl. 
It  must  be  remembered,  however,  that  for  steel  of  this  carbon  con- 
tent (C.  0.48)  the  Acl  point  and  the  Ac3  are  very  close  together; 
and  the  diflFerence  in  the  eflfect  produced  by  auencning  from  above 
Hie  one  or  the  other  is  not  as  marked  as  it  wouid  be  in  steels  of  lower 
carbon. 

As  regards  the  two  methods  of  heating  for  removal  of  ingotism, 
recommended  by  Prof.  Howe,  viz,  heating  to  1,200®  C.  for  a  few 
minutes,  or  heating  to  above  the  Ac3  point  for  two  to  four  hoxirs. 
specimens  H  1,  2,  and  3  may  be  compared  with  H  7,  8,  and  9,  and 
specimens  H  4,  6,  and  6  witn  H  13,  14,  and  15,  Table  III.  It  will 
be  observed  in  the  case  of  the  oil-quenched  specimens  that  the  ones 
deingotized  by  the  high  heat  are  somewhat  oetter  in  strength  and 
resistance  to  shock  than  those  heated  iust  above  Ac3  for  a  longer 
time,  while  ductility  is  not  eflfected.  On  the  contrary,  in  the  case 
of  the  air-cooled  pieces,  specimens  H  4,  6,  and  6  are  sughtly  inferior 
to  specimens  H  13,  14,  and  15  in  all  properties  except  resistance  to 
shocK.  The  amount  of  variation,  however,  is  small  in  aU  cases,  and 
the  removal  of  ingotism  seems  to  have  been  accompUshed  equally 
well  in  both  cases. 

It  will  be  noted  that  none  of  the  steels  as  treated  develop  the 
physical  properties  specified  for  cast  steel  No.  3.  Specimens  H  13, 
14,  and  15  in  Table  ill  give  the  best  results,  and  if  followed  by  the 
usual  drawing  below  Acl  would  show  satisfactory  physical  qualities 
for  cast  steel  No.  3.  .The  microphotographs  made  in  connection 
with  this  investigation  are  interesting  and  instructive,  and,  to- 
gether with  a  discussion,  are  appended  nereto. 

Photograph  No.  1  is  in  the  origmal  cast  condition  of  the  metal  and  is 
a  characteristic  coarse  structure.  Photographs  No.  2  and  No.  3  were 
taken  from  specimens  H  8  and  H  10,  respectively.    After  having 
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had  the  casting  structure  removed  by  an  826°  C.  heat  for  two 
hoius,  followed  by  air  cooling,  they  were  then  oil  quenched  from 
respectively  825°  C.  for  H  8  (photograph  No.  2)  and  760°  C.  for  H  10 
(photograph  No.  3).  The  microstructures  are  interesting.  Both 
snow  closegrained  sorbite  with  fine  grain  boundaries  of  f errite.  Pho- 
tograph No.  2  shows  that  complete  solution  of  the  primary  constitu- 
ents of  the  steel  was  accompUshed  by;  the  825°  C.  heating  before 
quenching.  No  traces  of  apnmary  ferrite  network  is  visible,  though 
evidences  of  incomplete  diffusion  are  present. 

Heating  for  a  longer  time  than  15  minutes  would  have  caused 
complete  diffusion  of  the  dissolved  ferrite,  thus  eliminating  the 
localized  white  patches  seen  in  photograph  No.  2.  In  photograph 
No.  3,  however,  traces  of  the  primary  ferrite  network  persist,  showing 
that  complete  soUd  solution  was  not  attained  by  the  760°  C.  heating 
before  quenching.  The  same  remarks  as  to  structure  hold  for 
photographs  No.  4  and  No.  5,  though  in  this  case  the  constituents 
are  pearlite  and  ferrite,  instead  of  sorbite  and  ferrite.  Also  photo- 
graph No.  4  does  not  show  evidences  of  incomplete  diffusion  as  does 
photograph  No.  2,  because  of  the  longer  time  allowed  by  air  cooling 
lor  diffusion  to  take  place. 

In  short,  photographs  Nos.  2,  3,  4,  and  6  show  that  heating  above 
Ac3  causes  all  excess  ferrite  to  be  redissolved,  while  heating  only 
above  Acl  leaves  traces  of  the  primary  network  of  excess  ferrite 
undissolved.  Photographs  No.  6  and  No.  7,  respectively  oil  and  air 
cooled  from  825°  C.  after  a  preliminary  deingotizing  heat  of  1,200°  C, 
may  be  compared  with  photographs  No.  2  and  No.  3.  The  structure 
is  not  very  different  from  these  two,  and  all  effect  of  the  1,200°  C. 
heat  appears  to  be  ehminated.  Photograph  No.  6  shows  that 
insufficient  time  was  allowed  at  the  hardening  heat  for  complete 
diffusion  to  complete  itself. 

These  micropnotographs  agree  with  modem  theorv,  and  indicate 
that  the  best  results  can  be  obtained  by  heating  the  second  time 
above  Ac3. 

CONCLUSIONS. 

From  physical  tests  made,  the  conclusion  is  evident  that  no  great 
differences  m  physical  properties  result  for  steel  of  this  chemical  com- 
position, whether  heating  for  hardening  is  carried  just  above  the  Acl 
or  Ac3.  This  slight  difference  undoubtedly  results  from  the  fact  that 
the  Acl  and  the  Ac3  points  are  very  close  together  for  steel  of  this 
carbon  content. 

Microscopic  evidence  shows  that  the  solution  of  ferrite  is  not 
completed  until  the  Ac3  is  passed,  and  consequently  the  best  results 
are  obtained  by  heating  above  this  point. 

The  conclusion,  therefore,  is  that  Prof.  H.  M.  Howe's  recommended 
practice  is  correct  and  likewise  is  suitable  for  conditions  at  this 
arsenal.  In  order  to  put  this  recommended  practice  into  operation 
with  as  great  saving  in  time  and  cost  as  possible,  the  following 
procedure  is  recommended : 

(1)  Removal  of  ingotism.  Heat  two  to  four  hours  just  above  the 
Ac3  point  (the  shorter  time  for  light  castings^  the  Ac3  point  depend- 
ing on  the  carbon  content  of  the  steel.  Air  chill  by  piQling  car  from 
furnace  until  casting  loses  color. 

(2)  Second  heat.  Immediately  run  castings  back  into  furnace  and 
heat  just  above  the  Ac3  for  one  hour.  Air  chill  by  pulling  car  from 
furnace  until  castings  lose  color. 


PHOTOGRAPH   NO.  1.    (X75.) 


PHOTOGRAPH  NO.  2,    (X7S.) 
Id  two  hours  at  B25'  C.  and  air  coolsd.    Then  haatad  to  825' C, 
hold  15  mlnuts*  and  oil  quanched. 


PHOTOGRAPH   NO.  3.    (X75.) 
,    Kaated  two  hours  at  S3S°  C.  and  air  cooled..   Than  heated  to 
760*  Cm  held  15  minutes  and  oil  quenched. 


PHOTOGRAPH   NO.  *.    (X7S0 
two  houra  al  825°  C,  running  up  to  920°  C.  tor  ■  f»w 


PHOTOGRAPH  NO.S.    (X75.) 
Iwo  naura  at  SIS*  C.  running  up  to  920°  C.  for  t  fsw 
1  air  cooled.    Than  lieatsd  to  a2»*  C.  held  1 S  mln- 


H2.     Heatsd  It 
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(3)  Drawing  operation.  Run  car  back  into  furnace  and  draw  one 
to  two  hours  at  500°  C,  or  temperature  which  will  give  the  desired 
physical  properties. 

Table  I. — TermU  tests. 


Mark. 

Elastic 

limit 

(pounds 

per 
square 
inch). 

Tensfle 

strenf^th 

(pounds 

per 
square 
inch). 

Elon- 

gation 

(per 

cent 

ln2 

inches). 

Con- 
traction 
of  area 

(per 
cent). 

Brhiell 
hard- 
ness 
No. 

Character  of  fracture. 

Heat  treatment. 

HOI 

H02 

HI 

H2 
H4 

H5 
H7 

H8 
HIO 

Hll 
H13 

H14 

H16 
HI7 

40,600 
40.000 
84,000 

80,000 
56,000 

67,600 
81,600 

76,600 
82,000 

80,600 
60,000 

60,600 

60,000 
60,500 

84,500 

86,500 

121,600 

113,600 
02,600 

91,600 
113,000 

106,600 
111,600 

116,600 
92,000 

96,000 

87,000 
91,600 

7.0 
6.0 
&5 

4.5 
11.0 

ia5 

8.0 

6w0 
6.5 

9.0 

ia5 

16u5 

7.5 
9.0 

13.3 

6.7 

13.3 

6.7 
16u9 

13.8 
9.5 

9.5 
5.7 

18.8 
16u9 

20.5 

13.8 
13.3 

170 
183 
241 

228 
183 

179 
241 

228 
228 

228 
179 

187 

196 
179 

Crystalline  and  flaky.. 
do 

As  cast. 
Da 
Heated  to l^*C.and air 
cooled.   Heated  to  825* 
C.  for  16  minutes  and 
oil  quenched. 
Da 

Heated  to  1^*  C.  and  air 
cooled.   Heated  to  825* 
C.  tar  15  minutes  and 
air  cooled. 
Da 

Heated  to 825*  C.  2hour8, 
thenairchilled.  Heated 
to  825*  C.  15  minutes, 
then  oil  quenched. 
Da 

Heated  to  826*  C,  held  for 
2  hours,  and  air  cooled. 
Heated  to  760*  C.  heM 
15  minutes,   and   oil 
quenched. 
Da 

Heated  to  825*  C,  held  2 
hours,  and  air  cooled. 
Heated  to  825*  C.heki 
15   minutes,  and   air 
cooled. 
Da 

Da 
Da 

cent:  amorpiious,  16 
percent. 

Fine  granular.  80  per 
cent;  amorpnous,  20 
percent. 

Amorphous. , 

do 

Amorphous,  with  fine 
granular  patch  at  cir- 

Amorphous,  30  per 
cent;  fine  granular, 
70  per  cent. 

Amorphous,  with  fine 

Amorphous,  60  per 
cent;  fine  granular, 
40  per  cent. 

Amorphous  X 

Fine  granular,  60  per 
cent;  lamellar,  60  per 
cent. 

AmorphmiH    , 

Fine  granular.  80  per 
cent;  amorpiious,  20 
percent. 

Tablb  II. — Charpy  impact  tests. 


Mark. 


HOI 
H02 
H03 
H04 
H05 
H06 
H07 
H08 
H31 
H32 
H33 
H34 
H85 
H86 
H37 
H  38 


Charpy 

test 
results 
(foot- 
pounds 

per 
square 
inch.) 


Heat  treatment. 


180.0 
180.0 
194.6 
205.0 
205.0 
17&5 
180.0 
196.0 
256iO 
231.0 

3oao 

827.5 

3oao 

8ia5 

82ao 

241.0 


As  cast. 


Heated  to  1,200*  C,  air  cooled;  then  heated  to 
825*  C,  held  16  minutes,  then  ofl  quenched. 


42461**— 17- 


-16 
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Table  II. — Charpy  impact  tests — Continued. 


liark. 


H  6  1. 
H  6  2. 
H  6  3. 
H  6  4. 
H  6  5. 
H  6  6. 
H  6  7. 
H  6  8. 
H  9  1. 
H  0  2. 
H  9  3. 
H  9  4. 
H  9  5. 
H  9  6. 
H  9  7. 
H  9  8. 
H  12  1 
H  12  2 
H  12  3 
H  12  4 
H  12  5 
H  12  6 
H  12  7 
H  12  8 
H  15  1 
H  15  2 
H  15  3 
H  15  4 
H  15  5 
H  15  6 
n  15  7 
H  15  8 
H  18  1 
H  18  2 
H  18  3 
H  18  4 
H  18  5 
H  18  6 
H  18  7 
H  18  8 


Charpy 

tost 
results 
(foot- 
pounds 

per 
square 
Inch). 


321.0 
231.5 
282.0 
238.5 
265.5 
257.0 
284.0 
284.0 
207.0 
234.0 
242.0 
250.0 
259.0 
215.0 
251.0 
207.0 
240.0 
241.0 
285.0 
233.0 
304.0 
260.0 
267.5 
249.0 
268.0 
241.0 
232.0 
241.0 
233.0 
216.0 
207.0 
233.0 
233.0 
249.0 
232.0 
198.5 
216.5 
250.0 
230.0 
241.0 


Hoat  treatment. 


.Heated  to  1.200"  C,  then  air  cooled.  Ileated 
to  825"  C,  held  15  minutee,  then  air  cooled. 


Heated  to  825"  C,  held  2  hours,  air  cooled. 
Heated  to  825"  C,  held  15  minutes,  then  oil 
quenched. 


Heated  to  825"  C,  held  2  hours,  air  cooled. 
Heated  to  760"  C,  held  15  minutes,  then  oil 
quenched. 


Heated  to  825*  C.,  held  2  hours,  air  cooled. 
Heated  to  825"  C,  held  15  minutes,  then  air 
cooled. 


Heated  to  825"  C,  held  2  hours,  air  cooled. 
Heated  to  760"  C,  held  15  minutes,  then  air 
cooled. 


Table  III. 


Mark. 


H  0  1,2,  and  3. 
H  1,2,  and  3.. 


H  4, 5,  and  6. 


Elastic 

limit 

(poimds 

per 
square 
inch). 


40,250 
82,000 


56,250 


H  7,  8,  and  9 79,000 


H  10, 11,  and  12..    81,250  114,000 


H  13, 14,  and  15..   60,250 


H  16  and  17. 


59,760 


Ten- 
sile 
stren^h 
(pounds 

per 
square 
inch). 

Elon- 

uon 
(per 
cent 
in  2 
inches;. 

8.5,500 
117,600 

6.5 
6.5 

92,000 

10.75 

109,750 

7.0 

114,000 

7.5 

94,000 

13.5 

89,500 

8.25 

Con- 
trac- 
tion 
of 

area 

(per 

cent). 


Charpy 
/w      Brinell 
pounds     „^ 

oJ??r«         No. 

square 
inch). 


9.5 
9.5 


10.1 


9.5 

18.7 
13.3 


191.0 
286.7 


264.2 


9.5  I    233.1 


259.9 

233.9 
231.2 


177 
235 


205 
235 

228 

183 
187 


Heat  treatment. 


As  cast. 

Heated  to  1,200*  C,  and  air 
cooled,  then  heated  to  825" 
C,  and  oil  quenched. 

Heated  to  1,200"  C.  and  air 
cooled,  then  heated  to  825" 
C.  and  air  cooled. 

Heated  to  825"  C,  held  2 
hoiu-s,  then  air  cooled,  then 
heated  to  825"  C.  and  oil 
quenched. 

Heated  to  825"  C,  held  2 
hours,  then  air  cooled,  then 
heated  to  760"  C.  and  oil 
quenched. 

Heated  to  825"  C.  held  2 
hours,  air  cooled,  heated  to 
825"  C.  and  then  air  cooled. 

Heated  to  825"  C,  held  2 
hours,  air  cooled,  then 
heated  to  760"  0.  and  air 
cooled. 


EFFECT  OF  DUSATIOIT  OF  DBAWIITO  OIT  PHTSICAL  PBOPEB- 

TIES  OF  EASDEITED  mCEEL  STEEL. 

•  OBJECT. 

The  following  experiment  was  planned  and  carried  out  in  order  to 
determine  the  relation  existing  between  the  duration  of  the  drawing 
operation  and  the  resulting  physical  properties  of  hardened  nickel 
steel. 

CONCLUSIONS. 

From  this  experiment  the  following  conclusions  can  be  drawn: 

(1)  For  pieces  about  lyg^  inches  section,  and  for  drawing  tempera- 
tures around  375®  C,  a  period  of  one  hour's  drawing  suffices  to  pro- 
duce the  fuU  effect  of  reheating  to  that  temperature;  longer  drawing 
at  that  temperature  produces  no  further  change  in  physical  prop- 
erties. 

(2)  For  pieces  about  l^^  inches  section,  and  for  drawing  tempera- 
tures around  550®  C,  a  period  of  45  minutes  drawing  suffices  to 
produce  the  best  combination  of  strength  and  ductiUty  possible  for 
that  drawing  temperature.  Longer  drawing  results  only  in  lowering 
the  strength  and  elastic  limit,  without  correspondingly  increasing 

the  ductility. 

(3)  The  nigher  the  drawing  temperature  is  the  more  rapidly  will 
the  pieces  come  to  heat. 

DATA   AND  DISCUSSION. 


METHOD  AND  MANIPULATION. 


The  stock  selected  for  the  experiment  consisted  of  four  bars  of  hot 
rolled  nickel  steel  of  the  following  composition: 


C. 

Mn. 

Si. 

s. 

P. 

Ni. 

BarNo.l 

0.46 
.46    ' 
.47 
.46 

0.48 

1 
0.005 

1 

0.037 

0.035 

3.19 

Bar  No.  2 

Bar  No.  3 

BarNo.4 

Each  bar  was  8  feet  long  and  1^^  inches  diameter.  Bars  No.  1  and 
No.  2  were  used  in  the  first  part  of  the  experiment,  and  bars  No.  3  and 
No.  4  in  the  second  part;  each  bar  being  cut  into  pieces  5 J  inches  long 
for  heat  treatment. 

Heating  and  cooling  curves,  taken  on  a  sample  of  this  material 
by  the  time-temperature  method,  showed  the  Ac^  point  to  be  at 
705^  C,  and  the  Atj  point  at  585°  C.    See  Plate  VI. 
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The  effect  of  duration  of  drawing  at  two  different  temperatures  was 
determined,  namely,  375°  C.  and  650°  C. 

For  the  first  series  of  heat  treatments  24  specimens  were  taken 
from  bars  No.  1  and  No.  2.  These  pieces  were  heated  six  at  a  time 
in  a  molten  bath  of  sodium  and  calcium  chlorides.    The  composition 
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Plate  VI. 

of  this  bath  was  25  per  cent  of  the  former  and  75  per  cent  of  the 
latter  salt.  The  bath  was  maintained  at  a  constant  temperature  of 
750°  C.  The  specimens  were  immersed  in  it,  and  held  at  that 
temperature  for  30  minutes.  They  were  then  withdrawn  and 
quenched  in  whale  oil. 

For  the  second  series  of  heat  treatments  30  pieces  were  taken  from 
bars  No.  3  and  No.  4.    Since  the  molten  salt  bath  was  out  of  order, 
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the  30  pieces  were  heated  at  one  time  in  the  large  heating  furnace 
at  the  east  end  of  the  smith  shop.  It  was  decided  to  use  825^  C. 
as  the  quenching  temperature  to  insure  quenching  from  above  the 
Ac,  point.  The  specimens  were  put  into  the  cold  furnace  and  heated 
up  with  it.  Temperatures  were  measured  by  a  base  metal  thermo- 
couple in  contact  with  the  pieces.  The  pieces  were  considered  to  be 
at  temperature  when  the  couple  showed  825®  C,  and  the  pieces 
themselves  were  of  the  same  color  as  the  thermocouple  protection 
tube.  The  specimens  were  held  at  heat  for  30  minutes  and  quenched 
in  whale  oil. 

The  drawing  operation  for  both  series  was  done  in  a  molten  bath  of 
sodiimi  and  potassium  nitrates^  50  per  cent  of  each  salt.  Series  No.  1 
was  drawn  at  375®  G.,  and  series  No.  2  at  550®  C.  The  procedure, 
except  for  the  difference  in  temperature,  was  the  same  in  each  case. 
The  specimens  suitably  marked  were  placed -in  a  wire  basket.  The 
basket  containing  the  specimens  were  immersed  in  the  molten 
bath  and  at  the  ends  of  the  proper  time  intervals  the  specimens  were 
withcbawn.  Before  immersmg  the  specimens  the  bath  was  heated 
to  50®  C.  above  the  desired  drawing  temperature.  The  introduction 
of  the  specimens  lowered  the  temperature  to  the  desired  point, 
where  it  was  held  constant  throughout  the  drawing  operation. 

After  heat  treatment  the  bars  were  machined  into  tensile  test 
specimens  of  0.505-inch  diameter  and  tested  for  tensile  properties  and 
hardness.  •  They  were  subseauently  examined  for  microstructure. 

Table  I  gives  complete  results  of  the  tensile  and  hardness  tests  on 

series  No.  1,  and  Table  II  gives  the  average  values  from  which 

the  curves  on  Plates  I  and  11  were  drawn.    Table  II  also  gives  the 

average  values  of  the  ratio  of  elastic  limit  to  maximum  strength  and 

McKenna's  merit  figure.    This  merit  figure,  which  was  put  forward 

some  years  ago,  is  an  attempt  to  express  as  a  single  factor  the  various 

TrE4-20^ 
values  obtained  in  the  tensile  test.     It  is  derived  thus:  M« 


where  T  =  tensile  strength  and 

E=per  cent  elongation  in  2  inches 


100000 


The  values  of  this  factor  are  given  as  a  matter  of  interest. 

Tablb  l.'-^enes  No,  1.    (Oil  quenched  at  VSO""  C.  and  drawn  at  375"^  C.) 


Marks. 

Time  of  draw- 
ing. 

Yield 

point 

(pounds 

per 
square 
Inch). 

Tensile 

(pounds 

per 
square 
Inch). 

Elon- 
gation 
(per 
cent). 

Con- 

trac- 
tion of 
area 
(per 
cent). 

Brinell 
hard- 
ness 
No. 

Appearance  of  fracture. 

Al 

A2 

A3 

A4 

JNot  drawn 

1  mln 

120,000 

189,500 
120,000 

124,000 
169,000 

130,000 

143,500 

144,000 

130,000 
136,600 
129,000 

190,000 

235,500 
169,000 

164,000 
184,500 

159,000 

168,600 

173,500 

162,000 
161,500 
15(^000 

7.5 

fi.5 
7.6 

10.5 
9.6 

10.0 

12.0 

11.6 

11.0 
13.0 
13.0 

6.7 

6.7 
16.9 

34.0 
27.4 

34.0 

34.0 

34.0 

34.0 
40.3 
40.3 

364 

444 

364 

351 
418 

387 

351 

376 

347 
362 
351 

Fine  granular. 

Do. 

Fine  granular,  small  silky- 
spot  at  circumference. 

811  jry. 

Fine  silky,  10  per  cent;  fine 
granultf ,  00  per  cent. 

Fme  silky,  20  per  cent;  fine 
granular,  80  per  cent. 

Fme  silky,  25  per  cent;  flne 
granular,  76  per  cent. 

Fme  silky,  40  per  cent;  flne 
granulaTi  60  per  cent. 

Fine  silky. 
Do. 
Do. 

....  .do.  • . ..... 

A5 

A6 

3  mfai 

....  .do. . . ..... 

A7 

A8 

S  mfn 

.  ....do. . . . .... 

A9 

A  10.... 

10  mln 

do 

An.... 

A  12 

20inin 

•  .  .  .  ado.   ....••■ 
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Tablb  I. —Series  No.  1.    (Oil  quenched  at  750^  C.  and  drawn  at  375^  C.)--Contmued. 


Marks. 

Time  of  draw- 
ing. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
Inch). 

gation 

^P7x 
cent). 

Qon- 
trao- 
tionof 
area 
(per 
cent). 

BrineU 
hard- 
ness 
No. 

Appearance  of  fracture. 

A13.... 
A  14.... 
A  15.... 
A  16.... 
BIT.... 
BIS.... 
B19.... 
B20 

30min 

do 

45min 

do 

Ihr 

102,500 
120,000 
84,500 
98,000 
76,000 
75,500 
75,500 
75,500 
77,500 
80,000 
76,000 
78,000 

138,000 
152,500 
130,000 
141,000 
122,500 
122,000 
119,000 
118,000 
122,500 
120,500 
119,500 
121,000 

16.0 
14.0 
18.0 
12.0 
20.5 
19.5 
21.5 
22.0 
20.5 
19.5 
21.5 
21.5 

46.2 

40.3 

46.2 

46.2 

57.2 

54.6* 

57.2 

57.2 

67.2 

67.2 

57.2 

67.2 

306 
340 
293 
321 
262 
256 
257 
256 
262 
255 
255 
265 

Fine  sl&y,  cup  shaped. 
Fine  silky. 

Do. 

Do. 

Do. 
Fine  silky,  cup  sh^Md. 

Do. 

Do. 
Fine  silky. 

Do. 

Do. 

Do. 

do 

2hrs 

. . .  ..do. ....... 

B21.... 
B22.... 

3hrs 

. . . ..do. . . . ••.. 

B23.... 
B24.... 

4hrs 

do 

Table  II. — Series  No.  1.    {Average  values.) 


Marks. 

Time  of  draw- 
ing. 

• 

Yield 

point 

(pounds 

per 
square 
mch). 

Tensile 
strength 
(pounds 

per 
square 
Inch). 

Elonga- 
tion (per 
cent). 

Contrac- 
tion of 
area 

cent). 

Brlnell 

hardness 

No. 

Ratio  of 
elastic 

Umit  to 
maxi- 
mum 

strength. 

McKen- 

na's 

merit 

figure. 

1 

3,4 

6,6 

7,8 

0,10..... 
11,12.... 
13,14.-. 
15,16.... 
17,18.... 
19,20.... 
21,22.... 
23,24.... 

Not  drawn 

1  mjn 

120,000 

150,750 

141,500 

136,750 

137,000 

132,750 

111,250 

01,250 

75,760 

75,500 

78,750 

77,000 

190,000 
202,250 
174,260 
193,750 
167,750 
168,760 
145,250 
135,500 
122,250 
118,500 
121,500 
120,260 

7.5 
6.6 
10.0 
11.0 
11.25 
13.0 
15.0 
15.0 
20.0 
21.75 
20.0 
21.5 

6.7 
11.8 
30.7 
34.0 
34.0 
40.3 
43.25 
46.2 
65.9 
67.2 
67.2 
67.2 

864 
404 
884 
860 
361 
856 
323 
307 
258 
256 
258 
255 

63.2 
79.0 
81.2 
83.6 
81.6 
83.6 
76.6 
67.4 
62.0 
63.7 
64.8 
64.1 

82.3 
53.6 
62.3 
5a8 
62.4 
62.4 
50.9 
47.4 
4&9 
49.6 
48.6 
49.9 

3  min 

6min 

10  min 

20  min 

30  min 

45  min 

Ihr 

2hrs 

3hrs 

4hrs 

I 

Plates  I  and  II  show  graphically  the  data  contained  in  Table  II. 
The  curves  on  Plate  II  are  tne  first  one-fourth  of  the  curves  on  Plate 
I,  with  the  abscisssB  scale  lengthened  10  times.  An  examination  of 
these  curves  shows  that  the  effect  of  the  drawing  operation  is  the 
greatest  during  the  first  10  minutes,  and  at  the  end  of  an  hour  it  is 
practically  complete — that  is,  continued  drawing  at  this  tempera- 
ture, namely,  375^  C,  for  longer  than  one  hour  causes  very  little 
change  in  physical  properties  from  those  that  result  from  one  hour's 
drawmg. 

Tables  III  and  IV  give  the  same  results  for  the  pieces  drawn  at 
550^  C.  as  Tables  I  and  II  give  for  the  specimens  drawn  at  375°  C. 
Plates  III  and  IV  show  graphically  the  average  values  of  Table  IV. 
Plate  III  shows  the  progressive  effect  of  drawing  at  550°  C.  for  10 
hours,  while  Plate  IV  represents  only  the  progressive  effect  of  draw- 
ing for  one  hour.  The  scale  of  abscisssB  is  10  times  as  large  on  Plate 
IV  as  on  Plate  III. 

The  same  general  shape  of  the  curves  holds  for  drawing  at  650°  C. 
as  for  drawing  at  375°  C.  The  greatest  change  in  properties  takes 
place  during  tne  first  10  minutes  of  the  drawing,  while  the  change  is 
nearljr  completed  after  45  minutes'  drawing.  The  maxknum  duc- 
tility is  reached  after  drawing  for  45  minutes,  though  there  is  a  slow 
progressive  falling  off  of  strength  and  elastic  limit  oven  up  to  10  hours. 
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Table  m.—Series  No,  fS.    (Oil  quenched  at  825''  C.  and  drawn  at  550^  C.) 


Marks. 


C 
C 
C 
C 
C 
C 
C 


C3. 

C4. 

C5. 

C6. 

C7... 

C8... 

C9... 

10.. 

11.. 

12.. 

13.. 

14.. 

16.. 

16.. 
D  17.*. 
D18.. 
D19.. 
D20.. 
D21.. 
D22.. 
D23  . 
D24.. 
D25-. 
D26.. 
D27.. 
D28.. 
D29.. 
D30.. 


Time  of  draw- 
ing. 


Imln... 

do.. 

8min..* 

do. . 

6min... 

do.. 

lOmin.. 

do.. 

20min.. 

do.. 

SOmin.. 

do. . 

45  min . . 

do. . , 

Ihr 

2hr8.... 
. — do.. 

3brs 

....do.. 
4hrs.... 
.....do. . 

6hrs 

do.. 

8hrs.... 

do. . . 

lOhrs... 
.....do... 


Yield 

point 

(pounds 

per 
square 
inch). 


149,000 

148,500 

130,000 

130,000 

123,500 

123,000 

118,500 

115,500 

111,500 

112,500 

109,500 

110,500 

107.500 

107,500 

108,500 

108,000 

ia5,000 

105,000 

103,500 

102,500 

101,000 

100.000 

99,500 

99,000 

99,500 

99,000 

98,000 

97,500 


Tensile 

Con- 

strength 

Elon- 

trac- 

Brinell 

(pounds 

gation 

tion  of 

hard- 

per 

(per 

area 

ness 

square 

cent). 

(per 

No. 

inch). 

cent). 

177,000 

13.6 

46.2 

348 

176,000 

13.5 

46.2 

357 

150.000 

17.5 

61.9 

302 

152,000 

18.5 

49.1 

305 

143,500 

19.5 

64.6 

286 

145,000 

19.6 

64.6 

291 

139,000 

18.5 

67.2 

286 

138,000 

18.0 

61.9 

257 

134,500 

19.0 

61.9 

274 

135,000 

19.5 

51.9 

269 

132,000 

21.0 

67.2 

269 

135,000 

20.5 

67.2 

269 

130,000 

20.5 

57.2 

265 

130,500 

19.5 

67.2 

269 

131,000 

21.5 

67.2 

269 

130,500 

20.5 

67.2 

272 

126,500 

20.5 

67.2 

264 

127,000 

20.5 

67.2 

267. 

124.500 

21.5 

60.8 

262 

124,000 

22.0 

59.8 

262 

121,500 

20.5 

64.6 

255 

121,000 

22.5 

62.3 

255 

119,500 

21.0 

57.2 

253 

119,500 

22.5 

62.3 

253 

118,500 

21.0 

67.2 

251 

119,000 

22.0 

67.2 

248 

117,500 

21.0 

54.6 

241 

117,500 

21.0 

54.6 

241 

Appearance  of  fracture. 


Fine  silky,  cup  shaped. 

Do. 

Do. 

Do. 
Fine  silky,  serrated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Table  IV. — Series  No.  2.    {Average  of  values.) 


Marks. 

Time  of  draw- 
ing. 

Yield 

point 

(pounds 

per 
square 
inch). 

strength 
(pounds 

per 
square 
inch). 

Elonga- 

Contrao- 
tionof 

area  (per 
cent). 

BrlneU 

hardness 

No. 

Ratio 
elastic 
limit  to 
maxi- 
mum 

McKen- 

na's  merit 

figure. 

8,4 

6,6 

7,8 

9,10 

11,12.... 
13,14.... 
15,16.... 
17,18.... 
19,20.... 
21,22.... 
23,24.... 
25,26.... 
27,28.... 
29,30.... 

1  min 

148,750 

130,000 

123,250 

117,000 

112,000 

110,000 

107,500 

108,260 

105,000 

103,000 

100,600 

99,250 

99,2.50 

97,750 

176,600 
151,000 
141,250 
138,600 
134,760 
133.600 
130,260 
130,760 
126,750 
124,250 
121,250 
119,600 
118,750 
117,500 

13.5 

18.0 

19.6 

18.25 

19.25 

20.75 

20.0 

21.0 

20.5 

21.75 

21.50 

21.76 

21.50 

21.0 

46.2 
60.6 
64.6 
64.6 
61.9 
67.2 
67.2 
67.2 
67.2 
69.8 
68.4 
60.8 
67.2 
64.6 

352 
303 
288 
271 
271 
269 
267 
270 
265 
262 
255 
253 
250 
241 

84.2 
86.1 
85.4 
84.6 
832 
82.4 
82  6 
82.8 
82.9 
82.9 
82.9 
83.0 
83.5 
83.2 

69.1 
67.4 
67.0 
53  0 
62.9 
61.4 

52  2 

53  6 
51.4 
51.9 
50.4 
49.9 
49.3 
48.2 

3  min 

6  min 

lOmIn 

20  min 

SOmin 

45  min 

Ihr 

2hrs 

3hrs 

4hrs 

6hrs 

8  hrs 

lOhrs 

Appendix  I. 


MICROEXAMINATION   OP   SPECIMENS. 

Selected  specimens  from  each  series  were  taken  for  microscopic 
examination.  ^  From  series  No.  1,  specimens  A- 1,  A  3,  A  4,  A  5, 
A  6,  A  8,  A  9,  All,  A  13,  A  14,  A  15^  A  16,  A  17,  A  19,  A  21,  and 
A  24  were  examined^  while  from  senes  No.  2  all  even  numbered 
specimens  were  exanuned. 

In  the  first  series  the  structure  of  the  first  specimen  consisted  of 
very  fine  martensite  with  islands  of  troostite,  and  a  very  little  ferrite. 


Id6  ttfiAT  TREAl'MENl'  0?   STEEL, 

As  this  specimen  was  not  drawn,  the  small  amomit  of  troostite  was 
evidently  formed  during  the  quenching  operation.  As  the  time  of 
drawing  increases  with  these  specimens,  the  amount  of  ferrite  in- 
creases somewhat,  and  the  amount  of  troostite  increases  very  mark- 
edly with  a  progressive  disappearance  of  the  martensite.  The  micro- 
graphs appended  will  illustrate  the  appearance  of  the  structure. 

Micro^aph  No.  1,  specinien  A  3,  cu*awn  for  1  minute,  shows  fine- 
grained martensite  and  black  patches  of  troostite.  Tlie  ferrite 
patches  are  scarcely  visible.    This  is  taken  at  75  diaiQcters. 

Micrograph  No.  2  shows  the  same  at  400  diameters. 

^crographs  No.  3  and  No.  4  show  specimen  No.  A  5  drawn  for 
3  minutes,  at  75  and  400  diameters,  respectively.  The  troostite  is 
more  abundant  and  the  ferrite  more  readily  visible.  Micrograph 
No.  5  shows  specimen  No.  A  14  drawn  30  minutes,  magnified  75 
diameters.  The  martensite  has  disappeared  abnost  entirely,  and  the 
structure  is  troostite  with  patches  of  ferrite.  Micrograph  No.  6  shows 
specimen  No.  B^  19  drawn  2  hours,  magnified  75  diameters.  The 
structure  is  sorbito-troostite  with  the  ferrite  tending  to  form  a  net- 
work. This  structure  is  characteristic  of  the  specimens  drawn  at  2, 
3,  and  4  hours  at  this  temperature. 

In  the  second  series  the  martensite  formed  hy  quenching  was 
somewhat  coarser  because  of  the  higher  quenching  temperatures. 
The  f oUowii^  micrographs  will  illustrate  the  structure. 

Micrograph  No.  7  shows  specimen  C  6  drawn  for  3  minutes,  mag- 
nified 75  diameters.  The  picture  is  dark  on  one  side,  due  to  a  light- 
ing effect.  The  structure  is  medium  fine  martensite  with  patches  of 
troostite  and  ferrite. 

Micrograph  No.  8. — Specimen  C  6  at  400  diameters.  This  picture 
shows  the  structure  better  than  the  previous  one  at  75  diameters. 

Micrographs  No.  9  and  No.  10.— Specimen  C  16,  drawn  for  45 
minutes.  Magnified  75  and  400  diameters,  respectively.  This 
structure  consists  of  very  nearly  imif orm  sorbite. 

Micrographs  No.  11  and  No.  12".— Specimen  C  30,  drawn  for  10 
hours.  Magnified  75  and  400  diameters,  respectively.  The  dark 
comer  on  No.  11  is  lighting  effect.  The  structures  are  sorbite  with 
more  or  less  coalesced  ferrite.  This  structure  is  characteristic  of  the 
specimens  drawn  at  550^  C.  for  4  to  10  hours. 

Appendix  II. 

BATE  OP  PENETRATION  OP  HEAT. 

In  order  to  determine  the  length  of  time  required  for  the  speci- 
mens to  come  to  the  temperature  of  the  drawing  bath,  the  following 
auxiliary  experiment  was  performed. 

A  specimen  SJ  inches  long  by  1^^  inches  diameter  of  the  same 
nickel  steel  was  drilled  along  the  axis  with  an  |-inch  drill  to  within 
1  inch  of  the  bottom.  A  rare  metal  thermocouple  was  inserted  in 
the  hole  and  the  specimen  immersed  within  a  quarter  of  an  inch  of 
the  top  in  the  drawing  bath.  Time  and  temperature  readings  were 
taken  until  the  thermocouple  ini;he  specimen  recorded  the  tempera- 
ture of  the  bath.  The  appended  curves  show  graphically  the  re- 
sults obtained.  It  will  be  noted  that  the  specimen  takes  lon^r  to 
come  to  the  lower  temperature  than  to  the  higher.    (See  Plate  V.) 


iGRAPH   NO.  5. 


PHOTOGRAPH  NO.  7.    C6.    (X75.> 
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Plate  V. 
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THE  EFFECT  OF  BATE  OF  GOOIIirG  AFTEB  DBAWIITG  OIT  THE 
BESISTAirCE  TO  SHOCK  AS  BEGISTEBED  BT  THE  CHABPY 
IMPACT  TEST. 

INTRODUCTION. 

It  is  widely  accepted  that  the  physical  properties  of  hardened 
and  drawn  steel  ar$  independent  of  the  rate  of  cooling  from  the 
drawing  temperature.  This  belief  has  been  expressed  by  Sauveur  * 
in  the  loUowmg  words: 

Once  the  desired  amount  of  tempering  la  effected,  »  *  *  the  rate  of  cooling 
to  atmospheric  temperature  appears  to  be  quite  immaterial.  *  *  »  The  theory 
is  that  while  by  keeping  the  metal  at  a  certain  temperature  its  tempering  may  be 
carried  further,  on  cooling  the  tempering  ceases,  *  *  *  so  that  the  rate  of  cooling  is 
without  influence. 

This  is,  of  course,  perfectly  in  line  with  the  theoretical  conceptions 
of  the  constitution  of  steel,  since  no  critical  points  exist  withm  the 
range  of  drawing  temperatures.  Hence  no  change  in  the  constitu- 
tion of  steel  could  be  affected  by  the  rate  of  cooling.  It  has  appeared 
possible,  however,  that  by  rapid  cooling  from  drawing  temperatures 
with  accompanying  unequal  contractions  in  the  metal,  internal 
stresses  might  be  set  up  which  persist  at  atmospheric  temperatures, 
and  so  affect  the  steel  to  its  detriment.  It  has  also  seemed  probable 
that  if  such  stresses  did  exist  in  steel  they  would  affect  its  resistance 
to  shock  more  markedlj^  than  any  other  property.  With  a  view, 
then,  to  investigating  this  q^uestion,  the  experiment  reported  herein 
was  carried  out.  The  practical  application  of  any  data  on  this  sub- 
ject is  evident.  If  such  stresses  as  described  are  set  up,  if  the  resist- 
ance to  shock  is  materially  reduced  by  rapid  cooling  after  drawing, 
then  such  methods  of  rapid  cooling  should  be  avoided,  especially  for 
material  which  is  to  be  subject  to  aynamic  stress. 

DESCRIPTION   OF   MATERIAL   AND   METHODS. 

The  general  plan  for  carrying  out  this  investigation  was  as  follows: 
Twenty-four  similar  pieces  of  a  hypoeutectoid  steel,  all  of  which 
should  be  in  the  same  physical  condition  and  each  large  enough  to  cut 
into  six  Charpv  test  specimens,  were  to  bo  quenched  in  water  from 
25°  above  the  Ar,  point.  These  24  pieces  of  hardened  steel  were  to  be 
drawn  as  foUows: 

Mark. 

Cool  one  in  furnace S  3  F 

Cool  one  in  air S  3  A 

Cool  one  in  water S  3  W 

Cool  one  in  furnace S  4  F 

Cool  one  in  air. S  4  A 

Cool  one  in  water S  4W 


Draw  3  at  300°  C. 


Draw  3  at 400°  0.. 


1 


1  The  Metallography  of  Iron  <b  Steel.    Lesson  XIV,  pp.  2. 
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Draw  3  at  500°  C. 
Draw  3  at  600°  C. 
Draw  3  at  650°  C. 
Draw  3  at  675°  C 
Draw  3  at  700°  C. 
Draw  3  at  725°  C. 


Mark. 

Cool  one  in  furnace S   5  F 

Cool  one  in  air S    5  A 

Cool  one  in  water S    5  W 

Cool  one  in  furnace S    6  F 

Cool  one  in  air S    6  A 

Cool  one  in  water S    6  W 

Cool  one  in  furnace S  65  F 

Cool  one  in  air S  65  A 

Cool  one  in  water S  65  \V 

Cool  one  in  furnace S  67  F 

Cool  one  in  air S  67  A 

Cool  one  in  water S  67  W 

Cool  one  in  furnace S    7  F 

Cool  one  in  air S    7  A 

Cool  one  in  water S    7  W 

Cool  one  in  furnace S  C  F 

Cool  one  in  air S  C  A 

Cool  one  in  water S  C  W 


After  heat  treatment,  transverse  Charpy  impact  specimens  were 
to  be  prepared  and  tested  and  conclusions  drawn. 

The  material  selected  was  a  bar  of  hot  roUed  mild  machinery 
steel  f  inch  by  3  J  inches.  Twenty-four  pieces,  each  3  inches  long, 
were  cut  from  this  bar.  The  chemical  composition  by  analysis  was 
as  follows: 

Per  cent. 

Carbon 0.20 

Manganese 40 

Silicon 032 

Sulphur 033 

Phoephorufl 012 

Microscopic  examination  showed  the  material  to  consist  of  fairly 
fine-grainea  ferrite  and  lamellar  pearUte.  The  structure  is  shown 
in  micrograph  No.  1,  which  is  a  cross-section  taken  at  75  diameters. 

A  nula  steel  was  selected  because  from  previous  experience  it  was 
known  that  a  properly  treated  nuld  steel  would  possess  greater 
resistance  to  shock  than  a  hard  steel.  Likewise,  since  the  cooling 
from  the  drawing  temperature  was  not  to  influence  the  carbon  con- 
dition, it  seemed  that  the  actual  percentage  of  carbon  in  the  steel 
was  an  inconsequential  factor. 

All  heating  operations  were  carried  out  in  the  laboratory  in  small 
closed  muffle  electrically  heated  furnaces,  in  which  the  heat  distri- 
bution is  very  uniform.  The  temperatures  were  measured  with  pre- 
viously caUbrated  platinum-platmum  rhodium^  thermocouples  in 
conjunction  with  a  Leeds  &  Northrup  precision  potentiometer. 
For  the  hardening  operation  the  pieces  were  heated  six  at  a  time. 
They  were  brought  up  gradually  with  the  furnace  to  900°  C,  and  then 
allowed  to  cooi  slowly  to  825*^  C.  At  this  temperature  they  were 
taken  out  and  quenched  individually  in  cold  water.  About  two  and  a 
half  hours  elapsed  from  the  time  of  starting  till  the  pieces  were 
quenched.  The  drawing  operations  were  carried  out  in  the  same 
muffle  furnaces,  three  piecesoeing  heated  at  a  time.  ^Ihey  were  put 
in  the  cold  furnace,  brought  up  to  the  dt^ired  heat,  held  at  that  tem- 
perature one-half  hour  and  cooled  in  furnace  air  and  water,  as  indi- 
cated in  the  program. 

Standard  tranverse  Charpy  impact  specimens  were  machined  from 
the  heat-treated  pieces.     These  were  teste<l  on  the  laboratory  Charpy 
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impact  machine  of  30  kilogrammeter  capacity.     The  results  are  shown 
in  the  following  tables. 


Table  1. — All  observed  results. 


Mark. 


S3F1.... 

S3F2 

S3F3 

S3F4.... 

S3F6 

83F«.... 

S3A1 

S3A2 

S3A3.... 
S3A4.... 
S3A6.... 
S3A6.... 
S3W1.... 
83  W2.... 
S3W3.... 
S3W4.... 
S3W5.... 
S3W6.... 
S4F1.... 
S4F2.... 
S4F3.... 

S4F4 

S4F5.-.. 
S4F6.... 
S4A1.... 
84A2.... 
S4A3.... 
S4A4.... 
S4A5...- 
84A6.... 
84W1.... 
S4W2.... 
S4W3.... 
S4W4.... 
S4W6.... 
S4W6.... 
85F1.... 
85F2.... 
S5F3.... 
S5F4.... 
S5F5.... 
S5F6.... 
85A1.... 
85A2.... 
S5A3.... 
S6A4.... 
86A6.... 
85A6.... 
85W1.... 
85  W  2.... 
85W3.... 

85  W4.... 
S5W5.... 

8  6  we.... 

S6F1.... 
86F2.... 

86F3 

86F4.... 
8  6F5.... 

S6F6 

86A1.... 
S6A2.... 
86A3.... 
S6A4.... 
86A5.... 
86A6.... 
86W1.... 
8  6W2.... 
88W3.... 

86  W  4.... 
86  W5.... 


Sectional 

area 
(square 
inches). 


0.0776 
.0760 
.0760 
.0576 

.orao 

.0782 
.0976 
.07H) 


.0780 

.0776 

.077J5 

.0780 

.0776 

.0776 

.0776 

.0776 

.0776 

.0776 

.0775 

.0780 

.0780 

.0780 

.0780 

.0780 

.0776 

.0780 

.0780 

.0780 

.0780 

.0776 

.0776 

.0780 

.0780 

.0780 

.0776 

.0780 

.07785 

.0782 

.0780 

.0782 

.0780 

.0786 

.0782 

.07785 

.0776 

.0780 

.0776 

.0776 

.0776 

.0780 

.0784 

.0782 

.0780 

.0780 

.0776 

.0776 

.0776 

.0780 

.0780 

.0775 

.0776 

.0780 

.0778 

.0776 

.0776 

.0780 

.0776 

.0778 


Charpy  test  results. 


Foot- 
pounds 
absorbed. 


32.6 

49.3 

32.6 

44.1 

47.5 

42.4 

28.0 

33.4 

30.05 

44.1 

32.6 

47.6 

25.0 

44.1 

40.7 

33.4 

30.25 

37.40 

32.6 

43.2 

31.05 

37.40 

44.95 

49.3 

46.65 

30.25 

38.2 

45.8 

47.5 

39.85 

29.50 

28.75 

28.75 

28.75 

35.80 

34.20 

41.65 

28.0 

31.8 

46.65 

36.60 

44.1 

31.06 

35.80 

35.80 

38.2 

44.1 

26.5 

35.0 

28.0 

43.2 


Foot- 
pounds 
persquara 
jncn. 


420.0 
631.5 
418.0 
568.0 
600.0 
543.0 
358.0 
427.0 
503.0 
565.0 
418.0 
609.0 
328.0 
568.0 
521.6 
430.0 
390.0 
481.5 
420.0 
656.0 
400.0 
483.0 
576.0 
632.0 
508.0 
388.0 
490.0 
500.0 
609.0 
611.0 
378.0 
368.0 
370.0 
370.0 
450.0 
438.0 
532.6 
360.5 
407.5 
600.0 
468.0 
665.0 
397.0 
459.0 
455.0 
388.5 
666.0 
341.0 
449.0 
360.5 
556.0 


BrlneU 

hardness 

No. 


44.95 

676.0 

31.05 

396.0 

39.85 

610.0 

28.76 

368.0 

60.15 

643.6 

27.25 

351.0 

45.8 

690.0 

48.4 

623.6 

47.5 

609.0 

51.95 

666.0 

29.50 

381.0 

28.0 

360.5 

46.65 

698.0 

49.3 

634.0 

33.4 

430.0 

66.4 

726.0 

34.2 

439.0 

32.6 

421.0 

39.05 

602.0 

160 
160 
204 
176 
160 
162 
228 
208 
199 
200 
180 
192 
268 
179 
262 
184 
176 
192 
216 
156 
180 
196 
160 
192 
180 
200 
200 
176 
184 
216 
228 
200 
228 
268 
244 
180 
180 
184 
200 
166 
152 
156 
200 
176 
180 
180 
180 
184 
180 
216 
148 
160 
152 
208 
156 
160 
160 
156 
144 
152 
132 
128 
152 
176 
142 
140 
164 
148 
172 
172 
160 


Character  of  fracture. 


i^crystalUne. 
Fibrous, 
^^crystalline. 
Fibrous^ 
Do. 
Do. 
f  crystalline, 
^crystalline. 
FibrouiB  and  crystalline. 

Do. 
lorystalline. 
Fibrous. 
Crvstalllne. 
Fibrous. 

Fibrous  and  crystalltne. 
h  crystalline. 
Icrystalline. 
Fibrous  and  crystalline, 
icrystalline. 
Fibrous  and  crystalline, 
icrystalline. 
Fibrous  and  crystalline. 
Fibrous. 
Do. 
Do. 
I  crystalline. 
Icrystalline. 
Fibrous. 
Do. 

crystalline. 

crystalline. 

crystalline. 

crystalline. 

crystalline. 

crystalline. 
Fibrous. 

Fibrous  and  crystalline. 
I  crystalline. 
Icrystalline. 
Fibrous. 

Fibrous  and  crystalline. 
Fibrous. 


>rous  and  orystalUne. 

Do. 

Do. 
Fibrous, 
icrystalline. 
Fibrous  and  crystalline, 
icrystalline. 
Fibrous. 

Fibrous  and  crsrstalltaie. 
Fibrous. 


Do. 
Fibrous, 
icrystalline. 
Fibrous. 

Do. 

Do. 

Do. 
]  crjrstalline. 

Do. 
Fibrous. 

Do. 

icrystaUtaie. 
^brous. 
i  crystalltaie. 

Do. 
i  crystalline. 


and  crystalline. 
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Table  1. — All  observed  reaulU — Continued. 


Sectional 

Cbarpy  test  resolts. 

BrlneU 

Mark. 

area 
(square 
inches). 

Foot- 
pounds 
aosorbed. 

Foot- 
pounds 
per  square 

hardness 
No. 

Cbaracter  of  fracture. 

86W6 

a0776 

20.80 

268.0 

172 

Crystalline. 

Fibrous  and  crystalline. 

866F1 

.0782 

31.8 

406.5 

156 

865F2 

.07785 

34.2 

440.0 

148 

^crystalline. 

865F3 

.0782 

56.4 

721.5 

140 

Fibrous. 

866F4 

.07785 

51.05 

656.0 

144 

Do. 

865F5 

.0778 

59.15 

760.0 

136 

Do. 

865F6 

.0780 

51.05 

855.0 

136 

Do. 

B66A1 

.0780 

47.50 

600.0 

132 

Da 

865A2 

.07786 

51.05 

858.0 

138 

Do. 

S65A3 

.0782 

26.50 

339.0 

158 

Icrystalline. 
Fibrous. 

866A4 

.0778 

52.85 

880.0 

152 

866A5 

.0782 

40.70 

520.0 

152 

Fibrous  and  crystalline. 

S65A6 

866W1 

.0776 
.0780 

31.06 
46.65 

400.0 

140 
160 

iflbrous. 

508.0 

riorous  ana  crystalline. 

866W2 

.0776 

35.0 

451.0 

148 

Do. 

866W3 

.0776 

28.75 

370.0 

164 

Icrystalline. 
Fibrous. 

865W4 

.0776 

51.05 

658.0 

156 

S65W6 

866W6 

.0776 
.0776 

30.25 
28.0 

390.0 
360.5 

Fibrous  and  crystalline, 
icr^talline. 

172 

S67F1 

.0780 

32.0 

418.0 

148 

867F2 

.0778 

31.8 

4iao 

148 

lorjrstalline. 
Fibrous. 

S67F3 

.0776 

56.4 

726.0 

13a  5 

867F4 

.0776 

47.60 

611.5 

144 

Do. 

S67F6 

.0778 

44.1 

588.0 

134.5 

Fibrous  and  crystalline. 

867F6 

.0782 

51.06 

853.0 

138 

Fibrous. 

867A1 

.0780 

46.65 

508.0 

152 

Fibrous  and  crystalline. 

S67A2 

.07785 

47.50 

610.0 

144 

Fibrous. 

S67A3 

.0776 

32.6 

420.0 

164 

Icrystalline. 

867A4 

.0776 

28.0 

360.5 

160 

S67A5 

.0780 

52.85 

678.0 

152 

Fibrous. 

867A6 

.0780 

49.3 

63Z0 

152 

Do. 

867W1 

.0776 

30.25 

390.0 

156 

Icrystalline. 

Fibrous  and  crystalline. 

867W2 

.0778 

41.56 

635.0 

140 

867W3 

.0780 

44.1 

565.0 

144 

Do. 

867W4 

.0780 

37.40 

48ao 

144 

8  67W5 

.0780 

35.0 

449.0 

152 

Do. 

867W6 

.0780 

52.85 

678.0 

140 

Fibrous. 

87F1 

.07785 

35.80 

46ao 

140 

Icrystalline. 
Fibrous. 

S7F2 

.07785 

60.10 

772.0 

116i5 

87F3 

.0776 

39.05 

603.0 

138 

Fibrous  and  crystalline. 

87F4 

.0776 

35.80 

461.0 

138 

^crystalline. 
Fibrous. 

87F6 

.0782 

61.00. 

780.0 

126 

87F6 

.0776 

51.05 

658.0 

119 

Fibrous  and  crystalline. 

87A1 

.07785 

43.2 

555.0 

125 

Do. 

87A2 

.07785 

51.95 

668.0 

138 

Fibrous. 

S7A3 

.07785 

47.60 

610.0 

130.5 

Fibrous  and  crystalline. 

S7A4 

.0776 

26.60 

341.5 

148 

fcrj^talline. 
Fibrous. 

87A6 

.0778 

52.85 

680.0 

13a  5 

87A6 

.0776 

42.4 

546.0 

125 

Fibrous  and  rystalline. 

S7W1 

.0780 

23.6 

303.0 

140 

Crystalline. 

87W2 

.0776 

25.75 

332.0 

152 

Fibrous  and  crystalline. 

S7W3 

.0773 

35.0 

453.0 

140 

S7W4 

.0776 

45.8 

6oao 

148 

Do. 

S7W5 

.0775 

44.95 

580.0 

140 

Do. 

S7W6 

.0776 

6a  15 

646.0 

138 

Fibrous. 

SCFl 

.0776 

22.15 

285.5 

117 

f  oystalline. 
Crystalline. 

8CF2 

.0776 

21.45 

276.0 

109 

8CF3 

.07785 

20.10 

258.0 

119 

Do. 

8CF4 

.0782 

25.0 

320.0 

109 

Fibrous  and  crystalline. 

SCF5 

.0782 

25.75 

329.0 

111 

Do. 

SCF6 

.0780 

25.75 

33ao 

110 

Crystalline. 

SCAl 

.0780 

25.0 

320.5 

119 

1  crystalline. 

8CA2 

.0780 

26.0 

820.5 

125 

1  crystalline. 

SC  A3 

.0780 

25.0 

320.5 

116 

{crystalline. 

DO. 

SCA4 

.0780 

24.8 

312.0 

119 

8CA6 

.0776 

37.40 

481.5 

114 

Fibrous  and  crystalline. 

SCA6 

.0780 

31.06 

396.0 

116 

Icrystalline. 

Fibrous  and  crystalline. 

8CW1 

.0780 

31.05 

396.0 

158 

8CW2 

.0775 

42.4 

647.0 

172 

Fibrous. 

SCW3 

.0776 

37.4 

481.5 

164 

SCW4 

.0776 

38.6 

471.5 

160 

Do. 

BCW5 

.0780 

42.4 

544.0 

152 

Fibrous. 

8CW6 

.0780 

33.4 

428.0 

180 

Fibrous  and  crystalline. 

202 


HEAT  TREATMENT  OF   STEEL. 


Table  2. — Mean  values. 


Mark. 

Charpy  results  (foot-pounds 
per  square  inch). . 

Percent- 
age lower 

than 
furnace 
cooled. 

Brinell 

hardness 

No. 

Method  of  drawing. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

S3F 

S3A 

631.5 
609.0 
568.0 
632.0 
609.0 
450.0 
600.0 
566.0 
676.0 
643.5 
666.0 
726.0 
760.0 
680.0 
658.0 
726.0 
678.0 
678.0 
780.0 
680.0 
646.0 
330.0 
481.5 
547.0 

418.0 
358.0 
323.0 
400.0 
388.0 
370.0 
360.5 
341.0 
360.5 
351.0 
360.5 
268.0 
406.5 
339.0 
360.5 
410.0 
360.5 
390.0 
460.0 
341.5 
303.0 
258.0 
312.0 
398.0 

531.6 

536.6 

452.3 

511.2 

531.0 

397.2 

488.9 

434.4 

467.5 

514.3 

541.4 

464.3 

606.5 

534.0 

471.25 

577.76 

544.75 

516.2 

605.7 

566.75 

481.0 

299.75 

358.9 

475.0 

Per  cent. 

0 

1.9 
14.9 

0 
13.9 
22.3 

0 
11.1 

4.4 

0 
15.3 

9.7 

0 

12.0 
22.3 

0 

6.7 
10.7 

0 

6.4 
20.1 

0 
119.7 
158.5 

170.3 
200.0 
207.3 
183.3 
192.7 
224.7 
171.3 
183.3 
177.3 
154.7 
145.0 
164.7 
143.2 
145.0 
160.0 
140.5 
154.0 
146.0 
129.4 
129.5 
143.0 
114.2 
lis.  2 
164.0 

Furnace  cooled  from  300*  C. 
Air  cooled  from  300*  C. 
Water  cooled  from  300*  C. 
Furnace  cooled  from  400*  C. 
Air  cooled  from  400*  C. 
Water  cooled  from  400*  C. 
Furnace  cooled  from  500*  C. 
Air  coded  from  500*  C. 
Water  cooled  from  500*  C. 
Furnace  cooled  from  600*  C. 
Air  cooled  from  600*  C 
Water  cooled  from  600*  C. 
Furnace  cooled  from  650*  C. 
Air  cooled  from  650*  C. 
Water  cooled  from  650*  C. 
Furnace  cooled  from  675*  C. 
Air  cooled  from  675*  C. 
Water  cooled  from  675*  C. 
Furnace  cooled  from  700*  C. 
Air  cooled  from  700*  C. 
Water  cooled  from  700*  C. 
Furnace  cooled  from  725*  C. 
Air  cooled  from  725*  C. 
Water  cooled  from  725*  C. 

S3W 

84  F 

84  A 

S4W 

S5F 

85  A 

S5W 

86F 

86  A 

S6W 

S65F 

866  A 

865W 

867F 

867  A 

867W 

87F 

87  A 

87W 

SCF 

8CA 

sew 

1  Increased  percentage. 


CONSIDERATION   OF  RESULTS. 


An  examination  of  these  tables  reveals  the  fact  that  in  every  case 
the  average  resistance  to  shock  of  the  pieces  water  cooled  after  draw- 
ing is  less  than  peces  treated  identically  but  allowed  to  cool  slowly 
in  the  furnace.  This  percentage  decrease  in  resistance  to  shock  varies 
from  4  to  22  per  cent.  In  the  case  of  the  air-cooled  pieces  the  resist- 
ance to  shock  is  rather  inconsistent,  especially  for  the  lower  drawing 
temperatures.  For  the  upper  drawing  temperatures  the  shock 
resistance  of  the  air-cooled  pieces  lies  between  the  furnace  and  water 
cooled  specimens,  as  might  be  expected.  In  the  case  of  the  specimens 
drawn  at  725°  C.  the  water  cooled  shows  the  greatest  resistance  to 
shock,  the  air  cooled  next,  and  the  furnace  cooled  the  least.  This 
is  explainable  on  the  groimd  that  the  pieces  had  reached  t^e  critical 
temperature,  having  passed  through  tne  range  of  drawing  tempera- 
tures, and  by  water  or  air  cooling  a  true  haraening  was  given  to  the 
pieces. 

The  results  are  shown  CTaphically  in  curve  No.  1. 

The  results  of  Brinell  hardness  tests  made  on  the  broken  Charpy 
specimens  are  given  in  tables  No.  1  and  No.  2,  and  plotted  graphicaUy 
in  curve  No.  2.  All  Brinell  tests  were  made  on  an  Alpha  machine 
with  a  standard  10  mm.  ball  and  a  load  of  2,000  kilograms.  This 
reduced  load  was  necessary  on  accoimt  of  the  small  dimensions  of  the 
specimen. 

It  will  be  observed  that  the  water-cooled  specimens  are  consistently 
harder  than  those  furnace  cooled.  No  theoretical  explanation  of  this 
fact  is  offered,  as  no  satisfactory  one  has  yet  been  reached. 
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CONCLUSIONS. 

1.  It  has  been  shown  in  the  case  of  a  0.20  carbon  steel  which  had 
been  hardened  and  then  drawn  that  the  resistance  to  shock  as  meas- 
ured by  the  transverse  Charpy  iicnpact  test  falls  off  from  4  to  22  per 
cent  for  specimens  which  were  water  cooled  after  drawing,  as  com- 
pared with  fumace-<50oled  specimens. 

2.  The  hardness  of  such  pieces  as  measured  by  the  Brinell  method 
is  somewhat  greater  for  the  water-cooled  specimens. 

3.  It  seems  probable  that,  since  no  change  in  carbon  condition  is 
effected  by  the  rate  of  cooling  after  drawing,  what  has  been  shown  for 
a  0.20  carbon  steel  likewise  holds  true  in  the  case  of  all  carbon  steels. 


THE  EFFECT  OF  CABBOV  OV  THE  PHTSICAL  PBOPEBTIES  OF 

HEAT-TBEATED  CABBOH  STEEL. 

OBJECT. 

The  ex|)erinients  herein  described  were  undertaken  with  a  vi^w  to 
investigating  thoroughly  the  influence  of  carbon  on  the  tensile  and 
impact  physical  properties  of  carbon  steel.  The  original  comprehen- 
sive plan  included  investigation  of  a  series  of  steels  with  varying  car- 
bon contents  over  a  wide  range  of  heat  treatments.  These  were  to 
be  studied  as  to  their  static  tensile  qualities,  and  also  their  resistance 
to  shock  as  measured  by  the  Charpy  impact-bending  test.  A  thor- 
ough metallographic  examination  was  likewise  included  in  the 
schedule.  The  Charpy  tests  and  the  metaUographic  examination 
have  not  been  completed  to  date,  and  are  accordingly  withheld  for 
another  report.  All  heat  treatments  have,  however,  oeen  made,  and 
the  static  tensile  tests  have  been  completed.  A  description  oi  the 
procedure  of  the  experiment  and  the  results  thus  far  obtained  are 
therefore  reported  herein. 

« 

CONCLUSIONS. 

No  attempt  is  made  to  draw  general  conclusions  from  these  experi- 
ments, but  the  curves  and  the  data  are  submitted  as  being  of  gen- 
eral importance  and  wide  appUcability. 

COMPOSinON   OF  MATERIALS. 

An  attempt  was  made  to  secure  steels  increasing  ia  carbon  by  ia- 
crements  of  one-tenth  of  1  per  cent  from  0.1  per  cent  up  to  0.8  per 
cent,  and  from  that  composition  to  1.6  per  cent  by  increments  of  two- 
tenths  of  1  per  cent.  Actually,  however,  steels  of  the  composition 
given  in  Table  No.  1  were  procured,  and  as  the  carbon  contents  were 
arranged  sufficiently  weU  so  that  satisfactory  curves  could  be  drawn 
showing  the  relation  between  carbon  content  and  other  properties, 
these  steels  were  used  in  the  experiments. 


Tablb  No.  1.— 

-Chemical 

compontion  of  steels  used. 

Carbon. 

Manganese. 

Sulphur. 

Phospho- 
rous. 

Rlllnon. 

Chromium. 

Percent. 

Per  cent. 

Percent. 

Percent. 

Percent. 

Percent. 

0.14 

a  45 

0.035 

0.018 

a  131 

None. 

.18 

.56 

.043 

.024 

.182 

None. 

.32 

.51 

.027 

.009 

.128 

None. 

.46 

.40 

.050 

.020 

.144 

None. 

.49 

.60 

.028 

.013 

.127 

None. 

.57 

.65 

.028 

.012 

.167 

None. 

.71 

.67 

.035 

.027 

.147 

None. 

.83 

.55 

.028 

.018 

.152 

None. 

1.01 

.39 

.029 

.016 

.160 

None. 

1.22 

.34 

.031 

.025 

.181 

None. 

1.39 

.20 

.029 

.015 

.191 

None. 

1.46 

.20 

.035 

.011 

.133 

0.35 
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It  will  be  noted  that  the  carbon  content  varies  from  0.14  per  cent 
to  1.46  per  c^t.  The  manganese  content  varies  from  0.2  per  cent 
to  0.67  per  cent,  the  amounte  of  this  element  being  normal  for  com- 
mercial steels.  It  was  thought  that  the  variations  in  manganese 
content  were  not  great  enough  to  seriously  disturb  the  concmsions 
to  be  drawn  as  to  the  effect  of  carbon. 

Curve  No.  1  is  an  empirical  one  showing  the  relative  values  of  the 
hardening  properties  of  the  carbon  and  the  manganese  in  these  steels. 
The  ordinate  scale  is  reduced  to  one  quarter  that  of  the  abscissae 
scale,  arbitrarily  assuming  that  the  hardening  value  of  manganese  is 
one-fourth  that  of  carbon.  This  is  an  assumption  often  made  in 
practice.  The  coordinates  of  anv  point  on  the  curve  represent  then, 
the  relative  hardening  effect  of  me  carbon  and  the  manganese  in  the 
steel. 

HEAT  TREATMENT. 

No  critical  point  determinations  were  made  on  these  steels.  The 
temperatures  used  in  the  heat  treatments  were  based  on  the  recom- 
mended annealing  temperatures  for  rolled  and  forged  carbon  steel 
obj  ects  of  the  American  Society  for  Testing  Materials.  (See  A.  S.  T.  M. 
Year  Book,  page  201.) 

The  recommended  temperatures  were  plotted  in  the  form  of  a  curve, 
which  is  shown  as  Curve  No.  2.  The  proper  heat  treating  temperar- 
tures  were  then  read  from  this  curve. 

The  layout  of  heat  treatments  adopted  was  as  follows:  One  tension 
specimen  and  four  Charpy  specimens  being  taken  from  each  steel  for 
each  heat  treatment. 

Specimens  were  tested: 

(a)  As  received.     (Probably  hot  rolled.) 

(b)  After  annealing. 

(c)  After  hardening  in  water. 

(d)  After  hardening  in  oil. 

(e)  After  hardening  in  oil  and  drawing  at  375**  C. 
After  hardening  in  oil  and  drawing  at  460**  C. 

r)  After  hardening  in  oil  and  drawing  at  560*^  C. 
Qi)  After  hardening  in  oil  and  drawing  at  650°  C. 
The  annealing  and  hardening  temperatures  used  for  each  steel  were 
as  follows: 


Sleel. 

Annealing 
and  hard- 
ening tern- 
perature. 

0.14  per  centC 

.18  per  cent  C 

.32  per  cento 

.46  per  cento 

.49  per  cento 

.57  per  cento 

.71percentC 

.83  per  cento 

1.01  per  cento 

1.22  per  centC 

1.30  per  cento 

1.46  per  cento 

866 
858 
836 
810 
816 
809 
800 
796 
790 
790 
790 
790 

424^1°— 17 ^16 
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The  steels  were  originally  received  as  12  or  14  foot  bars  1  inch  in 
diameter.  From  these  bars  tensile  and  Charpy  specimens  were 
rough-machined  and  were  left  ^^  of  an  inch  large  on  all  dimensions. 
Threads  were  not  cut  on  the  tensile  specimens  nor  were  the  Charpy 
bars  notched.  All  specimens  were  to  be  finish-machined  after  heat 
treatment.  All  heatings  were  done  in  a  small  electrically  heated, 
closed  muffle  furnace,  which  maintained  a  very  uniform  temperature 
throughout  the  heating  chamber.  The  inside  dimensions  of  the 
muffle  were  35iby5?^byllJ^  inches. 

The  heating  for  annealing  and  hardening  all  specimens  for  each 
steel  was  done  at  one  time.  The  procedure  was  as  follows.  The 
specimens  were  suitably  arranged  in  the  furnace  when  cold.  A 
platiniun-platiniun  rhocuum  thermocouple,  whose  hot  junction  was 
inserted  in  a  sample  of  the  steel  being  heated,  was  also  arranged  in  the 
furnace.  The  muffle  door  was  closed  with  fire  brick  ana  asbestos 
and  the  current  turned  on.  It  required  approximately  an  hour  and 
a  half  for  the  specimens  to  come  to  heat.  They  were  held  at  the 
desired  temperature  for  20  minutes.  The  specimens  to  be  hardened 
were  then  quenched  in  oil  or  water  as  indicated;  those  to  be  annealed 
were  allowed  to  cool  slowly  with  the  furnace,  the  opening  to  the 
muffle  being  again  closed.  Approximately  eight  hours  was  required 
for  the  furnace  and  annealed  specimens  to  reach  atmospheric  tem- 
perature. 

The  drawing  operation  was  performed  as  follows:  A  cast-iron  pot 
12  by  12  by  12  mches  inside  dimensions  was  filled  with  a  eutectic 
mixture  of  sodium  and  potassium  nitrates  and  was  heated  by  gas. 
The  melting  point  of  this  mixture  is  low  enough  so  that  the  bath 
was  molten  at  the  desired  temperatures.  ^  The  bath  was  raised  to  the 
desired  temperature  and  the  specimens  introduced  in  a  wire  basket. 
They  were  maintained  at  the  drawing  temperature  for  30  minutes. 

All  temperature  measurements  were  made  by  means  of  platinum- 
platinum  rhodium  thermocouples  and  a  Leeds  and  Nortnrup  pre- 
cision potentiometer.  The  thermocouples  used  were  carefully 
calibrated  before  use. 

Subsequent  to  heat  treatment  all  specimens  were  finish-machined 
previous  to  testing.  In  the  case  of  certain  of  the  harder  specimens, 
it  was  necessary  to  soften  the  ends  so  that  a  thread  could  be  cut  on 
them.  This  was  accomplished  without  affecting  the  reduced  section 
of  the  specimens  by  partially  immersing  them  m  water  and  playing 
a  flame  on  the  end  to  be  softened. 

TESTING. 

All  tensile  tests  were  made  on  the  800,000  pounds  Emeiy 
hydraulic  principle  testing  machine  in  this  laboratory.  Brinell 
hardness  tests  were  made  on  an  Alpha  machine  under  standard 
conditions;  that  is,  using  a  10-mm.  ball,  a  load  of  3,000  kilograms, 
and  a  time  of  application  of  30  seconds. 

DATA. 

The  results  of  the  tensile  and  Brinell  hardness  tests  are  sum- 
marized in  the  following  tables;  while  curves  3  to  10,  inclusive, 
depict  these  results  graphically,  showing  for  each  heat  treat- 
ment the  changes  in  physical  properties  due  to  increase  in  carbon 
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content.  Curves  Nos.  11,  12,  and  13  show  the  changes  in  maximum 
strength,  yield  point,  and  Brinell  hardness,  respectively,  with  increas- 
ing drawing  temperatures.  Curves  for  the  steels  with  different  carbon 
content  are  shown  on  the  same  sheet  so  that  the  relation  between 
them  is  readily  apparent.  There  are  appended  hereto  photographs 
of  the  fractures  of  the  tension  test  specimens  tested  in  this  investigar- 
tion.  In  aU  cases  the  specimens  are  arranged  in  increasing  carbons 
from  left  to  right,  the  heat  treatments  bemg  indicated  in  the  photo- 
graphs. 

DISCUSSION. 

In  plotting  curves  Nos.  3  to  10,  inclusive,  the  observed  points 
have  oeen  located  and  straight  dotted  lines  drawn  between  them. 
Idealized  curves  have  been  drawn  fuD,  following  the  general  shape 
of  the  dotted  curves.  Curve  No.  5,  showing  the  water-quenched 
specimens,  is  given  for  the  sake  of  completeness.  It  is,  however,  of 
little  value  for  in  the  case  of  all  steels  examined  oyer  0.32  carbon, 
the  unrelieved  internal  stresses  doubtless  caused  irregular  results 
to  be  obtained. 

Maximum  strength. — ^In  the  aimealed  condition,  curve  No.  4,  the 
maximum  unit  strength  reaches  a  maximum  value  at  eutectoid  com- 
position; i.  e.,  0.83  per  cent  carbon,  and  then  decreases  slightly  with 
mcrease  of  carbon.  With  the  heat-treated  steels,  however,  curves 
Nos.  6.  7,  8,  9,  and  10,  and  also  on  curve  No.  3  for  hot-rolled  steels, 
the  falling  off  in  maximum  strength  does  not  begin  until  a  com- 
position of  1.20  per  cent  carbon  is  reached.  These  curves  show  a 
rapid  rise  in  tensile  strength  with  increasing  carbon  to  eutectoid 
composition,  then  a  less  rapid  increase  in  strength  to  1.20  per  cent 
carbon,  followed  generally  oy  a  slight  falling  off.  The  increase  in 
strength  in  most  cases  at  1.46  per  cent  carbon  is  to  be  attributed 
at  least  partially  to  the  chromium  content  in  this  paiticular  steel. 

Yield  point — ^In  all  cases,  except  the  hot-rolled  condition,  curve 
No.  3,  the  unit  stress  ot  the  yiold  point  reaches  a  maximum  at  eutec- 
toid composition,  falling  off  slightly  or  remaining  constant  with 
increase  in  carbon. 

Brinell  liardness. — ^The  curves  for  BrineU  hardness  are  similar  in 
shape  in  nearly  all  cases  to  the  curves  for  maximum  strength. 

Elongation  and  contraction, — In  general  the  cmves  representing 
these  two  qualities  show  decreasing  values  with  increasing  carbon. 
The  tendency  of  the  curves  is  to  be  concave  upwards ;  they  are 
strai^hter,  however,  in  the  heat-treated  steels  than  in  the  hot-rolled 
condition.  On  curves  No.  4  and  6,  that  is,  in  the  annealed  and  the 
plain  oil-quenched  conditions,  the  curves  show  a  gain  in  ductility 
just  beyond  the  eutectoid  composition  which  is  unaccountable. 

Curves  Nos.  11,  12,  and  13  show  the  relation  between  the  maxi- 
mum strength,  yield  point,  and  Brinell  hardness,  respectively,  and 
the  drawing  temperature  after  oil  quenching  for  the  various  steels 
investigated.  These  curves  show  very  nicely  the  relative  effects 
of  increasing  carbon  in  connection  with  hardening  and  quenching 
treatments.  The  final  points  on  all  the  curves  represent  the  annealed 
condition  of  the  metal.  The  curves  are,  therefore,  shown  dotted 
between  these  last  points  and  a  drawing  temperature  of  700^  C. 
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Table  II. — Specimens  tested  as  received. 


Percent 
carbon. 

Yield 

point 

(pounds 

per  square 

inch). 

Ultimate 

strength 

(pounds 

persauare 

inch). 

Elongation 
(per  cent). 

Contrao- 

tion  of 

area  (per 

cent). 

DrineU 

hardness 

No. 

0.14 

.18 

.32 

.46 

.49 

.67 

.71 

.83 

1.01 

1.22 

1.39 

1.46 

45,000 
45,000 
49,500 
52,500 
54,000 
57,00(T 
66,000 
70,500 
86,000 
77,500 
74,600 
89,500 

59,500 

63,000 

75,600 

86,500 

96,000 

106,500 

128,000 

139,000 

152,000 

151,5007 

139,000 

150,500 

37.5 

36.0 

30.0 

22.5 

20.5 

19.0 

15.0 

12.5 

9.5 

3.0? 

2.0 

1.5 

67.0 
67.0 
51.9 
30.7 
37.2 
27.4 
20.5 
13.3 
13.3 

i'.k" 

1.8 

112 
118 
144 
160 
183 
220 
240 
260 
302 
288 
321 
351 

Table  III. — Specimens  annealed. 


Percent 
carbon. 

Yield 

point 

(pounds 

persauare 

inch). 

31,000 

Ultimate 

strength 

(pounds 

per  square 

inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 

area  (per 
cent). 

BrineU 

hardness 

No. 

0.14 

54,500 

39.5 

67.0 

107 

.18 

39,500 

59,000 

36.5 

67.0 

111 

.32 

41,000 

70,000 

30.5 

51.9 

131 

.46 

48,000 

79,500 

28.5 

46.2 

153 

.49 

47,000 

86,000 

28.5 

46.2 

163 

.57 

50,000 

95,000 

25.0 

40.3 

183 

.71 

46,500 

111,500 

16.5 

24.0 

217 

.83 

50,500 

114,000 

15.0 

20.5 

223 

1.01 

53,800 

99,400 

24.0 

36.2 

192 

1.22 

49,000 

100,000 

24.5 

40.3 

196 

1.39 

51,500 

98,000 

15.6 

20.5 

202 

1.46 

52,000 

106,000 

18.5 

20.5 

212 

Table  IV. — Specimens  water  quenched. 


Per  cent 
carbon. 

Yield 

points 

(pounds 

per  square 

inch). 

UlUmate 

strength 

(pounds 

per  square 

inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 

area  (per 
cent). 

BrineU 

hardness 

No. 

0.14 

.18 

.32 

.46 

.49 

.67 

.71 

.83 

1.01 

1.22 

1.39 

1.46 

90,000 
105,000 
V    135,500 
220,000 
183,000 
215,000 

21.0 
16.5 

8.0 

1.0 

0 

0 

67.0 
67.2 
16.0 

0 

0 

0 

170 
228 
255 
600 
713 
578 

93,000 
153,000 
166,000 
140,500 
181,500 

0 

0 

0 

1.0 

0 

0 

0 

1.8 

0 

0 

744 
578 
555 
460 
627 

1  Not  determined. 
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Tablb  V. — Specimens  oil  quenched. 
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Percent 
oarbon. 

Yield 

point 

(pounds 

jMr  square 

incn). 

Ultimate 

strength 

(pounds 

per  square 

inch). 

Elongation 
(per  oent). 

Contrao- 
tionof 

Brinell 

hardness 

No. 

0.14 

56,500 

71,500 

34.0 

75.5 

134 

.18 

54,500 

78,700 

31.0 

76.2 

156 

.32 

67,500 

101,000 

23.5 

62.3 

207 

.40 

87,500 

126,500 

20.5 

51.9 

2S5 

.49 

88,500 

131,000 

17.5 

51.9 

277 

.57 

106,000 

152,000 

16.5 

40.3 

311 

.71 

100,000 

184,500 

1.5 

0 

364 

.83 

138,500 

184,500 

4.0 

5.7 

418 

1.01 

127,000 

192,500 

10.5 

34.0 

387 

1.22 

122,500 

201,500 

9.0 

16.9 

402 

1.39 

.     97,500 

188,500 

2.5 

5.7 

430 

1.46 

122,500 

201,500 

3.5 

5.7 

418 

Table  VI. — Specimens  oil  quenched  and  drawn  at  S75^  C. 


Per  cent 
carbon. 

Yield 

point 

(pounds 

prr  square 

inch). 

Ultimate 

strength 

(pounds 

per  square 

inch). 

Elongation 
(percent). 

Contrac- 
tion of 

area  (per 
cent). 

BrineU 

hardness 

No. 

0.14 

.18 

.32 

.46 

.49 

.57 

.71 

.83 

1.01 

1.22 

1.39 

1.46 

49,000 
66,000 
68,000 
85,500 
91,000 
106,500 
121,400 

68,500 
76,000 
100,500 
125,000 
135,500 
153,000 
179,100 
198,500 
105,000 
203,000 
178,500 
196,000 

38.0 

29.5 

22.5 

20.0 

20.5 

16.0 

3.5 

11.5 

12.5 

8.0 

2.5 

3.5 

75.5 
73.5 
'       62.3 
51.9 
51.9 
43.3 

131 
149 
223 
255 
277 
302 
375 
364 
375 
402 
418 
387 

34.0 

34.0 

13.3 

5.7 

127,500 
131,000 
125,000 
133,000 

Table  VII. — Specmens  oil  quenched  and  drawn  at  460**  C. 


Per  cent 
carbon. 

Yield 

point 

(poimds 

per  square 

inch). 

Ultimate 

strength 

(pounds 

per  square 

in<i). 

Elongation 
(per  cent). 

Contrac- 
tion of 

area  (per 
cent). 

Brinell 

hardness 

No. 

0.14 

.18 

.32 

.46 

.49 

.57 

.71 

.83 

1.01 

L22 

1.39 

L46 

53,000 

58,500 

67,000 

86,000 

85,500 

97,600 

115,500 

134,000 

111,000 

122,500 

123,500 

139,000 

68,600 
75,500 
99,000 
123,500 
127,000 
145,500 
177,000 
104,500 
201,500 
199,000 
134,000 
197,000 

36.0 

32.5 

23.0 

19.5 

18.5 

16.0 

10.0 

14.0 

12.5 

8.5 

3.5 

2.5 

75.5 
71.4 
62.3 
5L9 
51.9 
46.2 
34.0 
37.2 
40.3 
13.3 

134 
149 
187 
228 
235 
293 
340 
387 
402 
418 
402 
430 
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Table  VIII. — Specimens  oU  quenched  and  drawn  at  560^  C. 


Percent 
carbon. 

Yield 

point 

(pounds 

per  square 

inch). 

intimate 

strength 

(pounds 

per  square 

in<£). 

Elongation 
(per  cent). 

Contrac- 
tion of 

area  (per 
cent). 

BrineU 

hardness 

Na 

0.14 

.18 

.32 

.46 

.49 

.57 

.71 

.83 

1.01 

1.22 

1.39 

1.46 

49,000 
56,500 
66,000 
81,500 
77,500 
93,500 
106,000 

66,000 
72,500 
92,500 
111,500 
116,000 
133,000 
148,500 
161,000 
168,500 
171,600 
161,000 
178,500 

35.0 
33.5 
26.5 
24.0 
23.5 
20.5 
17.0 
19.0 
14.5 
11.5 
4.0 
4.0 

75.5 
75.5 
64.7 
57.2 
57.2 
51.9 
43.3 
40.3 
30.7 
20.5 
5.7 

126 
146 
183 
202 
228 
255 
311 
321 
321 
351 
332 
375 

104,500 
106,000 
101,500 
111,000 

Table  IX. — Specimens  oil  quenched  and  drawn  at  650^  C. 


Per  cent 
carbon. 

Yield 

point 

(pounds 

per  square 

incn). 

Ultimate 

strength 

(pounds 

per  square 

inch). 

Elongation 
(per  cent). 

Contrac- 
tion of 

area  (per 
cent). 

BrineU 

hardness 

No. 

0.14 

46,500 

64,000 

38.5 

79.5 

118 

.18 

51,500 

69,000 

36.0 

75.5 

134 

.32 

61,500 

84,000 

30.0 

71.4 

163 

.46 

73,000 

98,000 

25.5 

50.8 

192 

.49 

76,500 

107,500 

26.0 

62.3 

217 

.57 

79,500 

113,500 

24.0 

62.3 

228 

.71 

91,000 

125,000 

19.5 

57.2 

260 

.83 

97,500 

129,000 

19.0 

46.2 

277 

1.01 

86,000 

134,000 

20.0 

40.3 

277 

1.22 

88,000 

130,500 

15.5 

34.0 

269 

1.39 

85,500 

131,500 

n.o 

16.9 

269 

L46 

95,500 

150,500 

u.o 

13.3 
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APPENDIX. 


The  foUowing  photomicrographs  are  presented  as  being  of  consid- 
erable interest  in  connection  with  the  preceding  experiments.  The 
12  steels  investigated  are  shown  in  two  different  conditions,  viz, 
(1)  as  received,  not  rolled,  and  (2)  normalized  or  annealed  from 
1,000°  C.  In  the  normalized  series  the  effect  of  carbon  on  the 
microstructure  is  most  readily  apparent.  This  arrangement  of  micro- 
graphs on  pages  should  be  carefully  checked  with  original  proof. 

In  the  case  of  the  hot-rolled  steels,  the  structures  consist  of  sorbito- 
pearhte  and  ferrite  for  the  hypoeutectoid  steels  and  sorbito-pearlite 
and  cementite  for  the  hypereutectoid  steels.  In  the  case  of  the 
normalized  steels,  the  grain  structures  are  considerably  larger  and 
the  constituents  are  pearlite  and  ferrite  for  hypoeutectoid  steels  and 
pearlite  and  cementite  for  hypereutectoid  steels.  All  micrographs 
are  magnified  75  diameters. 
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EFFECT  OF  THE  TIME  OF  HOLDIITO  AT  AVlTEALnrO  TEMPERA- 
TUSE  OV  THE  ORAIIT  SIZE  Alf D  THE  PHYSICAL  PSOPEETIES 
OF  HTPOEXTTECTOID  CAEBOIT  STEEL. 

This  experiment  was  undertaken  to  determine  the  eflFect  of  time  of 
holding  at  annealing  temperature  on  the  grain  size  and  the  physical 
properties  of  hypoeutectoid  carbon  steeL  The  practical  value  of 
the  experiment  is  evident.  If  it  could  be  shown  that  there  existed 
a  critical  duration  of  time  for  annealing — that  is,  a  length  of  time  of 
holding  at  annealing  temperature  inmich  would  give  maximum 
physical  properties  together  with  minimum  grain  size — ^then  that 
would  be  a  basis  for  determining  the  length  of  annealing  heats.  If, 
on  the  other  hand,  it  could  be  shown  that  physical  properties  and 

f;rain  size  were  not  affected  by  time  of  annealing  but  were  entirely  a 
unction  of  temperature,  then  those  results  also  would  be  of  value. 

It  is  a  question  among  various  metallurists  as  to  just  what  factors 
determine  grain  size  during  annealing.  It  is  generally  conceded  that 
temperature  is  the  maximum  consideration,  but  the  effect  of  time  at 
heat  is  in  dispute. 

METHOD   AND   MANIPULATION. 

For  the  experiment  a  12-inch  diameter  ingot  of  Watertown  Arsenal 
regular  No.  3  cast  steel  was  forged  down  to  1  inch  round  bars.  Con- 
ditions of  forging  were  kept  as  constant  as  possible,  as  were  also  the 
temperatures  of  the  finishing  of  the  forging  operation.  All  bars 
were  finish  forged  at  as  near  725°  C.  as  possible.  The  chemical  com- 
position of  the  ingot  was  as  follows: 

Per  cent. 

Carbon 0.45 

Manganese 63 

Silicon 26 

Sulphur 055 

Phosphorus : 038 

Test  pieces  8  inches  long  were  cut  from  these  1-inch  round  bars. 
These  test  pieces  were  long  enough  for  a  standard  tensile  test  speci- 
men, and  two  Charpy  impact  bars.  A  heating  and  cooling  curve  of 
this  steel  was  taken  to  determine  the  proper  annealing  temperature. 
This  curve  showed  the  critical  temperature  as  740*^  C.  In  accord- 
ance with  this,  a  temperature  20°  C.  above  this  pointy  or  760®  C,  was 
adopted  as  the  temperature  for  holding  the  pieces.  The  furnace  used 
for  neating  was  one  of  the  laboratory  experimental  electric  muffle 
furnaces  which  maintained  a  very  umform  temperature  throughout 
the  beating  chamber.  All  temperatures  were  measured  by  means  of 
the  precision  potentiometer  with  a  previously  calibrated  rare  metal 
thermocouple. 

The  length  of  time  of  holdii^  at  temperature  varied  from  one  to 
ten  hours,  increasing  the  perio(fe  one  hour  at  a  time:  that  is,  pieces 
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were  held  at  heat  for  one  hour,  for  two  hours,  for  three  hours,  etc,, 
up  till  ten  hours.     Three  pieces  previously  suitably  marked  were 

§ut  in  furnace  and  temperature  raised  as  rapidly  as  possible  to  the 
esired  point,  where  it  was  maintained  for  the  specified  length  of 
time.  At  the  end  of  this  period  one  piece  was  quenched  in  oil,  a 
second  piece  was  allowed  to  cool  in  the  air,  and  the  third  piece  was 
allowed  to  remain  in  the  furnace  and  cool  with  it,  the  fimiace  having 
been  closed  up  again. 

The  hot  jimction  of  the  thermocoiiple  was  inserted  in  a  hole  in  the 
end  of  the  furnace-cooled  pieces.  By  means  of  a  rheostat  control 
on  the  furnace  the  desired  temperature  was  maintained  within  plus 
or  minus  10  degrees. 

The  cil-ouenched  pieces  were  subsequently  all  drawn  at  600®  C. 
for  one-half  hour  ana  furnace  cooled  to  facilitate  machining. 

One-quarter-inch  disks  for  microscopic  examination  were  cut  from 
the  ends  of  the  treated  bars.  likewise  similar  disks  were  cut  from 
the  ends  of  several  bars  before  treatment  for  examination  of  the 
original  structure. 

The  result  of  the  static  tensile,  hardness,  and  Charpy  impact  tests 
are  appended  hereto. 

As  an  additional  experiment,  one  of  the  forged  but  imtreated  bars 
1  inch  round  by  8  inches  long  was  cut  up  into  disks  one-half  inch 
long.  ^  These  disks  were  treated  with  the  larger  bars  and  allowed  to 
cool^  in  the  furnace.  They  were  subsequently  examined  micro- 
scopically and  Brinell  hardness  tests  made.  The  object  of  this 
additional  experiment  was  to  start  with  pieces  of  the  same  grain 
structure,  as  some  variation  in  ^ain  size  was  noted  between  different 
samples  of  the  original  bars.  The  results  of  this  additional  experi- 
ment are  appended. 

CONSroERATION  OP  RESULTS. 

An  examination  of  the  test  results  from  the  furnace-cooled  pieces 
(see  Table  1)  shows  practically  the  same  physical  properties  for  all. 
The  microstructures  showed  no  consistent  variation. 

What  has  been  said  regarding  the  furnace -cooled  pieces  holds 
equally  true  for  the  air-chilled  pieces.  (See  Table  2.)  They  are 
consistently  somewhat  stronger,  both  statically  and  dynamically, 
than  the  furnace  cooled  pieces  and  they  are  also  harder,  out  among 
themselves  they  are  quite  consistent.  ^  In  the  case  of  the  oil-quenchea 
and  drawn  pieces  the  same  uniformity  holds  true,  except  that  the 
first  five  bars  are  slightly  weaker  and  softer  than  the  second  five 
bars.  This  difference  is  cme  to  the  fact  that  in  the  drawing  operation 
the  first  five  bars  were  heated  at  one  time  and  the  second  nve  bars 
were  heated  in  a  second  run.  The  maximum  temperature  in  the 
second  run  was  undoubtedly  slightly  lower  than  in  the  first  run. 

The  results  given  in  Table  No.  4  are  Brinell  hardness  numbers  and 
photomicrographs  of  the  small  sections  cut  from  the  same  bar. 
These  results  snow  that  the  length  of  time  of  heating  at  just  above 
Aci  has  no  influence  on  the  hardness  and  very  little  on  the  jgrain  size, 
though  the  intergranular  ferrite  seems  to  increase  slightly  m  amoimt 
on  the  longer  annealing  heats. 
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CONCLUSION. 

From  these  experiments  we  draw  the  conclusion  that  at  tempera- 
tures slightly  above  Ac.,  the  physical  properties  of  the  metal,  Doth 
static  and  dynamic,  and  also  the  grain  structure  are  not  a  function 
of  the  duration  of  the  annealing  operation.  We  beUeve,  however,  that 
for  considerably  higher  temperatures  the  duration  of  heating  would 
have  an  increased  effect  in  promoting  grain  growth.  Above  the 
Acj  i)oint  the  steel  would  be  in  the  condition  of  a  homogeneous  solid 
solution,  which  would  offer  greater  opportunity  for  grain  growth 
.upon  holding  at  heat  than  exists  below  this  point.  In  order  to  test 
this  hypothesis  it  is  proposed  to  continue  a  metallographic  investigar 
tion  along  these  lines,  using  annealing  temperatures  20*^  and  100° 
above  Acg. 

From  our  results,  however,  we  can  say  that  for  temperatures 
slightly  above  Ac.  the  grain  size  and  physical  properties  are  inde- 
pendent  of  the  duration  of  annealing. 

Table  1. — Furnace  cooled  pieces. 


Test 
speci- 
men No. 

Heat  treat- 
ment 
(7W  C). 

Yield 

point 

(l>ounds 

per  square 

inch). 

Tensile 

strength 

(pounds 

per  square 

indi). 

Elongation 
(per  cent). 

Contrac- 
tion (per 
cent). 

Charpy 

impact 

(Ibotr 

pounds 

per  square 

htrli). 

BrineU 

hardness 

No. 

IF.... 
2F.... 
3F.... 
4F.... 
6F.... 
6F.... 
7F.... 
8F.... 
9F.... 
10  F.... 

Ihour 

2  hours 

3  hours 

4  hours 

5  hours 

6  hours 

7  hours 

8  hours 

9  hours 

10  hours... 

67,000 
55,500 
55,000 
53,000 
54,500 
55,500 
55,500 
54,500 
55,500 
55,500 

100,000 
07,500 
97,500 
90,500 
97,500 
99,000 
99,500 
98,000 
98,500 
98,000 

22.5 
20.0 
21.6 
22.5 
23.0 
25.0 
25.0 
20.0 
23.0 
23.0 

40.8 
30.7 
80.7 
40.3 
43.3 
30.7 
40.3 
24.0 
37.2 
4a3 

171.2 
172.5 
100.6 
144.7 
160.6 
167.6 
175.6 
167.8 
128.7 
147.6 

181 
176 
177 
181 
176 
171 
176 
175 
174 
173 

Table  2. — Air  chUUd  pieces. 


Test 
speci- 
men No. 

Heat  treat- 
ment 
(760*  C). 

Yield 

point 

(pounds 

per  square 

in<^). 

Tensile 

strength 

(pounds 

per  square 

inch). 

Elongation 
(per  cent). 

Contrac- 
tion (per 
cent). 

Charpy 

impact 

(foo^ 

pounds 

per  square 

BrineU 
No. 

X    Am*  .. 

2  A.... 

3  A.... 

4  A.... 
6A.... 
6A.... 
7  A.... 

o  A. ... 

9  A.... 
10  A.... 

Ihour 

2  hours 

3  hours 

4  hours 

6  hours 

6  hours 

7  hours 

8  hours 

Ohours 

10  hours... 

63,000 
64,500 
67,500 
60,000 
67,000 
68,500 
69,000 
60,000 
69,500 
69,500 

106,500 
105,500 
106,000 
107,000 
106,500 
107,000 
107,000 
106,000 
107,000 
108,000 

24.0 
22.0 
22.0 
20.0 
23.6 
19.0 
20.0 
24.0 
21.5 
20.0 

46.2 
27.4 
46.2 
27.4 
34.0 
20.5 
30.7 
30.7 
30.7 
34.0 

183.7 
199.7 
160.5 
167.4 
184.1 
195.1 
188.2 
186.9 
185.7 
152.2 

194 
196 
200 
196 
196 
196 
196 
196 
199 
199 
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Tabli  4. — J7«at  treatment  and  Brinell  hardau*  ntanbert  of  teetwi, 


taken  from,  one  bar. 


No. 

Heet  treMment 

(7«0'  C). 

BriDdl 

1 

IKT 
IH 

IfiS 

an 

8^1 
slip 

III 

1st 

^\          iSKJi  1 



The  following  micrographs  represent  these  specimens. 
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EXAMIHATIOH   OF    SAMPLE   OF  A  BBOKEH  I4-IHCH  SCBEW 

BOX  LIHEB. 

OBJECT. 

The  object  of  this  oxamination  was  to  determme  the  quality  of  the 
metal,  both  physically  and  chemically. 

DETAILS  OF  EXAMINATION. 

The  fragment  of  a  14-inch  screw  box  liner  which  was  received  for 
examination  was  of  approximately  the  following  dimensions :  7  inches 
long  bv  6  inches  wide  by  3  inches  thick.  It  was  beveled  and  slightly 
cm'ved  at  one  end,  and  one  side  showed  the  original  fracture.    Photo- 

fraphs  giving  two  views  of  the  fra^ent  wore  taken  and  are  appended, 
hotograph  If o.  1  shows  the  oriraial  fracture,  and  photograpn  No.  2 
shows  one  side  and  one  end.  The  lines  of  radiation  on  the  frac- 
tured surface  show  that  the  origin  of  the  fracture  was  external  to 
this  fragment,  and  in  the  direction  shown  by  the  arrow  on  photograph 
No.  1.  Three  sides  of  the  fragment  were  rough  polished  and  etched 
for  macrostructure  with  saturated  alcoholic  iodine  solution.  The 
metal  etched  very  evenly,  showing  no  trace  of  ingotism  but  a  few 
small  areas  of  minor  segregation.  These  small  areas  were  identified 
by  means  of  sulphur  prints  and  microexamination  as  areas  containing 
more  soUd  nonmetalfic  impurities  than  the  main  body  of  the  metaL 
The  sulphur  print  reproduced  in  photograph  No.  3  was  taken  on 
the  freshly  exposed  sunace  when  the  fragment  was  split  as  herein- 
after described.  Hie  darker  spots  are  areas  slightly  higher  in  non- 
metallic  inclusions  than  the  remainder  of  the  metal.  The  area 
marked  S  waa  cut  out,  polished,  and  examined  microscopically.  It 
showed  (][uite  conclusively  that  this  area  contained  more  soUd  non- 
metallic  impurities  than  the  main  body  of  the  material. 

PHYSICAL  TESTS. 

No  information  was  received  as  to  how  this  fragment  lay  in  the 
original  screw  box  Uner,  so  that  the  specimens  taken  could  not  with 
certainty  be  marked  longitudinal,  tangential,  or  radial.  The  fragment 
was  split  lengthwise  of  tne  piece  and  normal  to  the  fracture,  along  the 
line  AB  (see  photograph  No.  1).  From  the  larger  portion  four  ten- 
sion and  ten  Charpy  impact  specimens  were  taken  as  follows: 

Specimen  No.  A  1  taken  from  the  beveled  end  and  normal  to  the 
fracture. 

Specimen  No.  A  2  taken  from  the  square  end  and  normal  to  the 
fracture. 

Specimen  No.  B  1  taken  parallel  to  and  near  the  fractured  surface. 

Specimen  No.  B  2  taken  parallel  to  and  as  far  as  possible  from  the 
fracture. 
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Five  Charpv  impact  specimens  wore  taken  parallel  to  the  fracture 
and  marked  B;  five  wore  taken  normal  to  the  fracture  and  marked  A. 
The  results  of  the  tests  of  these  specimens  are  given  in  the  following 
table: 


Mark. 

• 

How  taken  out. 

Yield 

point 

(pounds 

per 
square 
inch). 

Tensile 
strength 
(pounds 

per 
square 
inch). 

Elon- 
gation 

in2 
inches 

(per 
cent). 

Con- 
traction 
of  area 

(per 
cent;. 

Brinell 
hard- 
ness 
No. 

Cbarpy  impact  results 

(foot-pounds  per  square 

inch). 

Maxi- 
mum. 

Mini- 
mum. 

Aver- 
age. 

Al.. 
A2.. 
Bl.. 
B2.. 

Normal  to  fracture, 
beveled  end 

Normal  to  fracture, 
square  end 

Parallel    to    and 
near  fracture 

Parallel    to    and 
away  from  frac- 
ture  

68,000 
65,600 
66,000 

66,000 

05,500 
03,000 
93,500 

93,600 

19.0 
23.5 
18.6 

20.0 

40.3 
51.9 
34.0 

40.8 

200 
196 
196 

196 

419.0 
417.5 

313.0 
285.6 

379.1 
371.3 

An  examination  of  the  above  table  discloses  that  there  is  very  little 
difference  between  any  of  the  tests.  The  physical  properties  do  not 
show  a  characteristic  difference  depending  on  the  way  the  specimens 
were  taken  from  the  fragment.  Tnis  fact  tends  to  indicate  that  the 
metal  has  received  very  little  forging.  This  deduction  received  con- 
firmation from  microscopic  evidence  which  will  be  discussed  later. 
Such  differences  as  the  above  table  does  show  lie  in  the  figures  for 
elongation  and  contraction  of  area,  and  indicate  that  the  specimens 
near  the  fractured  surface  and  near  the  origin  of  fracture  were  slightly 
less  ductile  than  those  taken  farther  away  from  the  fracture.  On 
the  whole,  however,*  the  metal  seems  fairly  uniform  and  the  physical 
properties  good.  The  Charpy  impact  figures  are  excellent  for  this 
class  of  material,  and  indicate  good  resistance  to  shock. 

CHEMICAL  TESTS. 

Two  samples  for  chemical  analysis  were  taken  from  the  smaller 
portion  after  the  original  fragment  had  been  split.  Sample  No.  1 
was  taken  near  the  fractured  surface;  sample  No.  2  near  the  opposite 
surface  and  as  far  as  possible  from  the  fracture.  Photograph  No.  3 
indicates  these  locations.  The  determined  composition  was  as 
follows: 


Sample. 

C. 

Mn. 

Si. 

s. 

r. 

Nl. 

Percent. 
3.00 
3.00 

Cr. 

Va. 

No.  1 

Percent. 
0.320 
.316 

Percent. 
0.35 
.33 

Percent. 
0.102 
.102 

Percent. 
0.032 
.032 

Percent. 
0.033 
.083 

Percent, 
097 
.98 

PereenL 

None. 

None. 

No.  2 

These  analyses  show  the  composition  to  be  normal  for  steel  of  this 
type,  and  reveal  nothing  as  to  tne  cause  of  fracture. 


232  METALLOGRAPHIC   EXAMINATIONa 

MICROSCOPIC   TESTS. 

The  foflowing  seven  specimens  were  examined  microscopically: 

1.  One  end  of  tension  test  specimen  A  2. 

2.  One  end  of  tension  test  specimen  B  1. 

3.  One  end  of  tension  test  specimen  B  2. 

4.  One  end  of  tension  test  specimen  A  1. 

5.  The  other  end  of  tension  test  specimen  A  1. 

6.  A  section  just  mider  the  fractured  smiace  and  near  the  point 
of  origin  of  fracture.     (Location  shown  on  photo^aph  No.  1 .) 

7.  A  section  containing  a  spot  which  showed  aark  on  the  sulphur 
print.     (Marked  S  on  photograph  No.  3.) 

In  general,  microscopic  examination  showed  the  presence  of  an 
undesirable  but  not  necessarily  abnormal  amount  of  solid  nonmetallic 
impurities.  These  inclusions  occurred  throughout  the  material  and 
were  found  slightly  segregated;  that  is,  in  greater  abundance  in  certain 
small  areas.  The  inclusions  consisted  cniefly  of  silicates  and  sul- 
phides. The  fact  that  they  were  only  elongated  very  subtly  showed 
that  the  metal  had  not  been  forged  to  a  great  extent.  Tne  structure, 
which  was  nearly  homogeneous  sorbite  with  traces  of  ferrite,  indi- 
cated that  the  piece  had  been  satisfactorily  heat  treated. 

Microscopic  examination  of  the  polished  but  imetched  sections 
showed  the  presence  of  nonmetallic  inclusions  in  amounts  greater 
than  desirable,  but  hardly  abnormal  for  forgings  as  large  as  those 
used  in  gun  construction.  These  inclusions  were  of  two  distinct 
colors,  namely,  dark  slate  or  dove  color,  and  very  light  gray.  ITiey 
occurred  chiefly  as  rounded  or  very  slightly  elongated  areas.  The 
fact  that  they  were  not  more  elongated  indicated  that  the  material 
had  not  been  forged  to  a  great  extent. 

Micrograph  No.  1 ,  taken  at  75  diameters,  on  the  unetched  surface, 
shows  the  occurrence  of  slag  just  under  the  fracture. 

Micrographs  No.  2  and  No.  3,  taken  at  75  and  400  diameters, 
respectively,  from  test  specimen  No.  A  1,  show  the  greatest  observea 
elongation  of  slag.    Surface  etched.  • 

Micrograph  No.  4,  taken  at  75  diameters  from  test  specimen  No. 
A  2,  shows  a  light  gray  rounded  slag  spot.    Surface  etched. 

Micrograph  No.  5,  taken  at  400  diameters  from  test  specimen 
No.  B  1,  shows  the  structure  of  a  slag  inclusion.     Surface  etched. 

The  polished  specimens  were  etched  with  a  4  per  cent  solution  of 
nitric  acid  in  amyiic  alcohol.  The  structure  was  found  to  be  excellent, 
consisting  of  nearly  homogeneous  sorbite  with  traces  of  ferrite.  This 
structure  indicatea  that  the  heat  treatment  had  been  satisfactory. 
The  character  of  the  structure  is  shown  in  micrographs  Nos.  2,  3,  4, 
and  5. 

CONCLUSIONS. 

From  this  report  it  is  believed  that  the  following  conclusions  can 
be  drawn: 

1 .  The  quality  of  the  metal  is  good. 

2.  The  composition  is  a  normal  3  to  1  nickel  chrome  steel. 

3.  The  heat  treatment  and  grain  refinement  are  excellent. 

4.  The  amount  of  slag,  etc.,  is  considered  to  be  slightly  greater 
than  normal,  but  is  not  considered  excessive. 


s  • 


MICROGRAPH  NO.  3. 
sand  elonsatsd  ila|.    (X40( 


EXAMIVATIOV  OF  FIBST  FSAOMEVT  FBOM  JACKET  OF 
12-IirCH  GUV,  VO.  58,  MODEL  1905.  BTJBST  AT  PBOVDrG 
GBOXJim  BT  EXCESSIVE  PBESSTJBE. 

The  section  taken  for  examination  was  chosen  because  it  seemed 
to  show  a  fairly  well  defined  center  of  radiation  indicating  the  prob- 
able origin  of  fracture.  Photograph  No.  1  shows  the  nature  of  the 
fractured  section  removed  for  test. 

Six  tensile  specimens  were  machined  from  the  fragment,  and  when 
tested  showed  the  following  results: 


Marks. 


L. 
T. 
T. 
R. 
R. 


Yield 

point 

(pounds 

per 
square 
inch). 


62,000 
51,500 
51,500 
52,000 


Tensile 
stren|i:tta 
(pounds 

per 
square 
inch). 


21,500 


34,000 
99,500 
98,500 
99,500 
99,500 


Elonga- 
tion 
(per 

cent). 


None. 


None. 
21.5 
22.0 
13.5 
14.5 


Contrac- 
tion (per 
cent). 


None. 


None. 
40.3 
40.3 
20.5 
27.4 


Appearance  of  fract  ure. 


Granular;  fractured  diago- 
nally at  end  of  stem  through 
thread. 

do 

Silky 

do 

Fine  granular 

Fine  granular,  70  per  cent; 
amorphous,  30  per  cent. 


Charpy 
impact 
test  (foot- 
pounds 

BrineU 
ball 

per 
square 
inch). 

hardness. 

1344.5 

196 

I    »210.9 

196 

1284.1 

196 

1  Average  of  four  tests. 

The  results  obtained  with  the  two  longitudinal  specimens  were 
unsatisfactory,  due  to  the  fact  that  fine  cracks  developed  which 
caused  tJie  specimens  to  fracture  at  end  of  stem,  through  the  thread. 
These  cracks  are  believed  to  have  originated  at  the  fractured  surface 
at  the  time  the  mn  burst.  The  tangential  and  radial  strengths  were 
very  uniform.  The  Qiarpy  impact  test  measures  the  britueness  of 
the  metal,  and  the  results  obtained  indicate  satisfactory  material. 

For  microscopic  examination  a  piece  approximately  4  inches 
cubical  was  cut  out,  rough  polished  on  three  sides,  and  etched  with 
iodine  solution.  The  etched  specimen  is  shown  in  photograph  No.  2. 
The  etching  disclosed  a  certain  amount  of  ingot  structure  which  had 
not  been  removed  by  the  forging  or  heat  treatment  to  which  the  piece 
had  been  subjected.  The  ingot  structure  is  always  undesirable,  as  it 
shows  imperfect  heat  treatment,  and  this  is  confirmed  in  the  micro- 
scopic examination.  Unfortunately  the  ingot  structure  is  not  shown 
in  tne  photograph,  but  is  very  evident  to  the  eye.  The  amount  of  slag 
and  segregation  shown  up  by  this  process  was  practically  •normal, 
and  there  was  no  evidence  produced  which  would  indicate  a  cause 
of  fracture. 

For  microscopic  examination,  cross  sections  of  each  of  the  six  test 
specimens,  two  each  from  longitudinal,  tangential,  and  radial  posi- 
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lions,  were  used.  The  amount  of  slag  was  normal  in  each.  The 
structure,  however,  is  coarse  in  all  and  indicates  imperfect  heat 
treatment.  The  mass  of  metal  is  large,  and  a  fairly  coarse  structure 
mi^ht  be  expected,  but  there  is  distinct  evidence  of  slow  and  undis- 
turbed coohng  from  a  high  temperature.  The  failure  to  wipe  out 
the  original  structure  by  forging  or  heat  treatment  is  shown  in  pho- 
to^apn  No.  6,  where  many  of  the  individual  grains  show  crystalli- 
zation within  the  grain.  This  is  shown  in  those  grains  where  light  and 
dark  areas  appear  within  the  same  ^ain,  the  difference  ^  color 
being  due  to  tne  difference  of  orientation  of  the  individual  crystals 
makm^  up  the  grain. 

WhUe  there  is  distinct  ingot  structure  and  coarse  microstructure 
in  this  material,  both  indicating  unsatisfactory  heat  treatment,  it 
can  not  be  said  to  be  the  cause  of  the  failure.  The  coarse  structure 
may  be  considered  as  a  contributing  cause. 


PHOTOGRAPH   NO.  2. 


PHOTOGRAPH  NO.  5.    (X75.) 
ilniBcs,  12-inch  gun  Jacket.    Speclmsn 
lllhtanil  darkcsnwtt  In  same  grain. 


PHOTOGRAPH   NO.  2. 


EXAHIVATIOV  OF  TWO  ADDITIONAL  FBAGMEVTS  FBOX  THE 

JACEXT  OF  12-IVCH  GTJir  IfO.  68. 


OBJECT. 

The  object  of  this  examination  was  to  investigate  further  the  char- 
acter of  the  metal  from  a  burst  jacket  of  a  12-inch  gun  No.  58,  the 
samples  for  test  being  taken  nearer  the  origin  of  fracture  than  in  the 
previous  sample  examined. 

INTRODUCTORY. 

Two  fragments  of  the  above  jacket  were  received,  marked  No.  3 
and  No.  70. 

PROCEDURE. 

Three  photographs,  Nos.  1,  2,  and  3,  were  taken  of  these  fragments, 
showing  the  fractured  surfaces.  Photograph  No.  1  shows  the  frac- 
tured surfaces  on  each  fragment  which  extended  parallel  to  the  bore 
of  the  gun.  The  point  marked  0  has  the  appearance  of  being  an 
origin  oi  fracture,  and  will  be  referred  to  as  such  hereinafter.  Photo- 
graph No.  2  shows  the  fractured  surface  which  extended  nearly  nor- 
mal to  the  bore  of  the  gun.  Photograph  No.  3  shows  the  breech  end 
and  a  portion  of  the  fractured  surface  of  fragment  No.  70. 

Six  tensile  test  specimens  were  machined  from  fragment  No.  70. 
Their  locations  are  shown  in  white  in  photographs  Nos.  1,  2,  and  3. 
The  results  of  the  tests  of  these  six  specimens  are  given  in  the  follow- 
ing table: 


Mark. 

Yield 

point 

(pounds 

per 
square 
Inch). 

51,000 

51,240 

49,500 
48,500 

47,200 
49,500 

TensOe 
strength 
(pounds 

per 
square 
inch). 

Elonga- 
tion (per 
cent;. 

Contrac- 
tion (per 
cent;. 

Appearance  of  fracture. 

Brlnell 

haniness 

No. 

A 

B 

C 

P 

E 

F 

96,500 

96,510 

96,500 
95.500 

94,520 
96,500 

25.0 

20.5 

25.5 
20.0 

14.0 
19.0 

40.3 

24.3 

'       49.1 
'        30.7 

17.4 
27.4 

r 

Fine  granular,  50  per  cent;  dull  silky,  50 

per  cent. 
Fme  granular  with  dull  silky  spot  at 

circumference. 
Dullsilky 

187 

187 

187 
187 

192 
183 

Fine  granular,  silky  spot  at  circumfer- 
ence. 
Fine  granular 

Fine  granular,  85  per  cent;  amorphou.s, 
15  per  cent. 

HOW  TAKEN   OUT. 


A.  Tangential.    Outside. 

B.  Tangential.     Inside,  near  origin  of  fracture. 

C.  Longitudinal.     Insi<ie,  near  origin  of  fracture, 

D.  Tangential.    Inside. 

E.  Ra(hal. 

F.  Radial. 
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The  specified  tensile  requirements  for  this  material  are: 

Elastic  limit,  48,000  pomids  per  square  inch. 

Tensile  strength,  88,000  poimds  per  square  inch. 

Elongation  in  2  inches,  not  less  tnan  18  per  cent. 

Contraction  of  area,  not  less  than  30  per  cent. 
It  will  be  noted  that  the  specimen  E  falls  below  these  requirements 
as  to  elastic  Umit,  elongation,  and  contraction,  while  specimens  B 
and  F  fail  to  meet  the  contraction  requirements.  Specimens  E  and 
F,  however,  are  radial  tests,  and  specimen  B  is  an  inside  tangential 
test  located  near  the  probable  origin  of  fracture.  On  the  whcSe,  the 
physical  tests  were  satisfactory,  and  the  material  would  hardly  be 
rejected  because  of  these  results. 

Two  slabs  were  cut  from  fragment  No.  3  parallel  to  the  two  frac- 
tured surfaces.  These  slabs  were  poUshed  and  etched  macroscop- 
ically.  Photograph  No.  4  shows  the  result  of  etchuig  one  surface 
with  tincture  of  iodine.  This  surface  was  parallel  to  the  bore  of  the 
gun.     Two  effects  will  be  observed  as  a  result  of  this  etching. 

(1)  Pronounced  ingotism  is  made  evident  by  the  development  of 
interlacing  needles  which  show  black  in  the  picture. 

(2)  Nonuniformity  is  shown  by  the  development  of  elongated  areas 
and  streaks  which  show  white  in  the  picture. 

Photograph  No.  5  shows  the  same  slab  as  No.  4  after  repolishing 
and  etclung  with  copper  ammonium  chloride.  The  same  character- 
istics  are  brought  out  by  this  reagent,  except  that  the  pattern,  is  re- 
versed. In  this  case  the  interlacing  needles  are  white  wnile  the  elon- 
gated spots  are  dark.  Photograph  No.  6  is  the  reproduction  of  a 
sulphur  print  of  the  same  slab  as  shown  in  photographs  Nos.  4  and  5. 
This  picture  is  a  mirror  image  of  the  two  previous  ones,  but  it  will 
readily  be  seen  that  the  elongated  spots  are  discemable  as  darker 
aVeas  than  the  rest  of  the  picture.  (The  white  spot  and  the  blurs 
have  no  significance  in  this  picture.)  From  these  facts  it  may  be 
stated  that  the  "elongated  areas"  are  areas  of  nonhomogeneity  and 
probably  contain  sHghtly  more  sulphur  and  perhaps  more  phosphorus 
than  the  main  portion  of  the  metal.  The  segregations  are  not,  how- 
ever, believed  to  be  of  a  nature  as  to  impair  seriously  the  quality  of 
the  metal. 

Microexamination  was  made  on  the  threaded  ends  of  the  six 
tensile  test  specimens,  and  the  following  observations  were  made. 
Slag  in  elongated  globules  was  present  m  considerable  though  not 
necessarily  harmfm  amounts.  This  slag  seemed  to  be  somewhat 
more  abundant  in  the  portions  near  the  origin  of  fracture  '*0." 
Elongated  sla^  globules  generally  occurred  in  the  areas  which  etched 
light  with  iodine  solution.  Photomicrographs  Nos.  7  and  8  show  the 
cnaracteristic  appearance  of  this  slag  on  the  unetched  surface.  The 
crystalline  structure  which  became  evident  upon  etching  was  rather 
coarse,  and  indicative  of  imperfect  heat  treatment,  thourfi  very  great 

frain  refinement  is  not  to  be  expected  in  masses  of  metal  of  tms  size, 
he  characteristic  structure  is  shown  by  photomicrographs  Nos.  9  and 
10.     No.  9  shows  the  same  area  as  photomicrograph  No.  7. 

Chemical  analysis  for  carbon  and  phosphorus  of  this  material  gave 
the  following  results: 

Per  cent. 

Carbon 48 

Phosphorus 023 


PHOTOGRAPH  NO.  8.    tX75.) 


PHOTOGRAPH   N 


PHOTOGRAPH  NO.  10.    Cx75.) 


EXAMIlTATIOir  OF  METAL  FBOH  A  3-IirCH  FIELD  QTJV  TTJBE. 

This  tube  was  manufactured  at  Watervliet  Arsenal  from  pur- 
chased forgings  and  came  under  suspicion  through  excessive  shrink- 
age sets. 

OBJECT. 

The  object  of  this  examination  was  to  determine  if  there  was  any 
defect  with  this  material  of  a  chemical  or  physical  nature. 

INTRODUCTORY. 

The  broken  ends  of  two  tensile  test  specimens  from  a  3-inch  field 
gun  tube  were  received.  These  specimens,  No.  1  and  No.  2,  were 
taken  from  the  muzzle  end  of  the  forging  in  a  tangential  direction. 

PROCEDURE   AND   I.ISCUS8ION. 

Elongation  and  contraction  measurements  were  made  on  these 
specimens  to  check  up  the  figures  given  in  the  correspondence. 
These  figures  were  found  to  be  correct. 

The  metal  frpm  test  specimen  No.  1  was  taken  for  experimental 
purposes. 

BnneU  hardness  tests  made  in  three  places  showed  the  hardness 
to  be  uniformly  153. 

Chemical  analysis  showed  the  composition  of  this  material  to  be 
as  follows: 

Percent. 

Carbon 0.30 

Maneanese 77 

Sulphur 020 

Phosphorus 015 

Nickel 3.50 

Chromium 25 

Microscopic  examination  showed  the  material  to  be  nonhomogene- 
ous  and  fuU  of  streaks. '  These  streaks  extend  across  the  diameter  of 
the  test  specimen,  and  are  parallel  to  the  laminations  visible  in  the 
fracture.  The  streaks  extend  along  the  direction  of  foi^ng  of  the 
metal,  and  in  some  cases  elongated  threads  of  slas  are  visible.  The 
dark  bands  have  a  sorbitic  structure  which  is  the  most  desirable 
structure  for  gim  forgings.  The  light  bands  are  similar  as  to  grain 
structure,  but  seem  either  to  contam  less  carbon  or  to  have  itTield 
more  completely  in  solid  solution.  The  cause  for  this  streakiness 
has  not  been  definitelv  determined,  other  than  that  the  elongation  of 
the  streaks  is  undoubtedly  due  to  forging.  The  nonhomogeneity 
is  possibly  caused  by  incomplete  diffusion  of  the  nickel  and  the 
explanation  is  offerea  that  tne  light  streaks  are  probably  rich  in 
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nickel  as  compared  to  the  dark  areas.  Micrograph  No.  1  (75  diame- 
ters) shows  the  streakiness  of  this  material  along  the  direction  of 
forging.  Micrograph  No.  2  (75  diameters)  shows  a  cross  section  of 
the  streaks.  Micrograph  No.  3  (400  diameters)  shows  the  structm'e 
of  both  the  light  and  dark  portions  of  the  material  at  a  higher 
magnification.  Micrograph  No.  4  (250  diameters)  shows  an  don- 
gated  thread  of  slag  whicn  undoubtedly  acted  to  lower  the  ductility 
of  the  material  in  a  tangential  direction. 

Heating  and  cooling  curves  taken  on  this  material  by  the  differ- 
ential method  showed  the  Acj  point  to  be  at  685®  C,  and  the  Ar. 
point  to  be  at  580  ^^  C.  See  plates^  pp.  240  and  241.  These  critical 
points  occur  at  the  temperatures  which  might  be  expected  for  ma- 
terial of  this  composition. 

CONCLUSIONS. 

1.  The  chemical  composition  of  this  material  is  normal  for  a  3^ 
per  cent  nickel  steel,  except  for  0.25  per  cent  of  chromium.  This 
amoimt  of  chromium,  however,  should  not  affect  the  material  to  its 
detriment. 

2.  The  critical  points  on  heating'  and  cooling  are  normal  for  this 
material. 

3.  The  structure  was  found  to  be  nonhomogeneous  and  streaky, 
though  the  cause  for  the  nonhomogeneity  is  not  definitely  deter- 
mined. 

4.  Some  elongated  slag  lines  were  fomid  though  not  to  an  abnor- 
mal extent. 
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MICROGRAPH  NO.  2.    (X75.) 


MJCROGRAPH 
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EZAMIVATIOV  OF  A  BBOKEV  AXIE  BRACKET  CAP. 

OBJECT. 

This  investigation  was  made  to  detennine  the  Quality  of  metal  in 
a  broken  axle  bracket  cap,  supposedly  of  cast  steel  No.  2. 

INTRODUCTORY. 

During  the  ordinary  course  of  assembly  in  the  carriage,  one  lug 
was  broKen  off  by  hand,  indicating  poor  physical  condition  of  the 
metal. 

INVESTIGATIONS. 

The  appearance  of  the  fracture  was  flaky,  coarsely  crystalline,  and 
typical  of  unannealed  cast  steel.  Along  one  side  and  two  ends  of  the 
fracture  was  the  characteristic  appearance  indicative  of  surface 
decarbonization.  The  edge  which  did  not  show  this  effect  had  been 
machined. 

The  fractured  end  was  polished  and  etched.  Photograph  No.  1, 
which  is  magnified  about  four  times,  shows  the  appearance  of  the 
etched  surface.  The  decarbonized  edge  is  readily  seen  as  a  black 
band,  and  the  f  errite  crystal  boundaries  are  also  readily  seen,  showing 
as  black  lines  in  the  picture.  It  will  be  noted  that  these  lines  Ue 
approximately  normal  to  the  surface  of  the  casting.  The  circular 
impression  near  one  end  is  the  result  of  a  Brinell  hardness  test. 

Microscopic  examination  showed  the  material  to  be  normal  as  to 
the  amount  of  slag.  The  structure  is  typical  of  cast  steel,  consisting 
of  large  grains  oi  sorbito-pearhte  with  lerrite  boundaries.  Needles 
of  femte  also  penetrate  the  pearlite  grains.  This  structure  is  shown 
in  micrograph  No.  3.  The  white  is  f errite  and  corresponds  to  the 
dark  lines  in  photograph  No.  1 .  Micrograph  No.  2  shows  the  appear- 
ance of  the  decarbonized  edge. 

Tensile,  Charpy  impact,  and  Brinell  hardness  tests  made  on  this 
material  gave  the  following  results: 

Yield  point,  pounds 60, 700 

Tensile  strength,  pounds 99, 400 

Elongation,  per  cent 6. 6 

Contraction,  per  cent 6. 4 

Charpy  test.  loot-pounds  per  square  inch 16. 6 

Brinell  haraness  No 172 

Required  for  cast  steel  No.  2 : 

Elastic  limit,  pounds 35, 00(X 

Tensile  strength,  pounds 76, 000 

Elongation,  per  cent 15 

Contraction,  per  cent 20 
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It  will  be  seen  that  these  figures  do  not  meet  the  ductility  require- 
ments for  cast  sted  No.  2.    l^e  resistance  to  shock  is  extremely  low. 
Chemical  analysis  showed  the  composition  to  be  as  follows: 

Carbon 0.48 

MaDganeBe 64 

Silicon 278 

Sulphur 051 

Phoflphorus 031 

This  composition  is  satisfactory  except  that  the  carbon  is  somewhat 
higher  than  recommended  for  cast  steel  No.  2  in  Ordnance  Pamphlet 
No.  434. 

In  order  to  determine  what  the  structure  of  this  material  would 
have  been  if  it  had  been  properly  heat  treated,  a  small  specimen  was 
given  tiie  following  heat  treatment  in  an  experimental  dectric  fur- 
nace which  simi^ted  foundry  annealing  conditions:  Heated  to 
900^  C,  held  30  minutes,  cooled  in  the  furnace  at  a  slightly  accelerated 
rate.  Reheated  to  500^  C.  and  furnace  cooled,  rhotomicrograph 
No.  4  shows  the  structure  after  this  treatment.  It  is  a  very  good 
example  of  the  refinement  caused  by  proper  annealing  of  cast  steel. 

CONCLUSIONS. 

The  difficulty  with  this  material,  and  the  caiise  for  the  breakage  of 
the  piece,  is  that  the  casting  was  not  annealed.  If  it  had  been  given 
the  regular  deingotizing  and  toughening  treatment,  it  would  iiave 
been  put  in  condition  for  satisfactory  service.  Tne  decarbonized 
surface  noted  is  characteristic  of  aU  steel  castings,  and  the  rather  high 
carbon  content  would  not  prevent  the  material  from  meeting  the  pre- 
scribed physical  requirements. 
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OBJECT. 


The  object  of  this  investigation  was  to  determine  the  chemical 
composition  and  physical  properties  of  commercial  alimiinmn  bronze- 
Two  cast  bars  IJ  inches  diameter  by  6  inches  long  and  a  sample 
cast  gear  blank  were  received  from  open  market.  Tlie  two  bars 
were  machined  into  tensile  test  specimens  and  tested  with  the  follow- 
ing results: 


• 

Marks. 

strength 

(pounds 

persq.in.). 

Elongation 
(per  cent). 

Contraction 

of  area 
(per  cent). 

Brlnell 

hardness 

No. 

Nol... 
No  2... 

79,200 
78,000 

32.5 
29.5 

29.5 
29.5 

144 
144 

Chemical  analysis  showed  the  following  to  be  the  composition  of 
this  material. 

Per  cent. 

Copper 89.11 

Aluminum. 10. 00 

Iron 94 

Microscopic  examination  revealed  a  very  fine  structure,  as  shown 
in  micrograph  No.  1,  magnified  75  diametei-s.  This  structure  con- 
sists of  a  groundmass  or  matrix  of  Alpha  solid  solution  (the  Ughter 
constituent)  thickly  covered  with  roimded  and  elongated  areas  of 
Beta  solid  solution  (the  darker  constituent).  It  wifl  be  observed 
that  the  Beta  constituent  is  definitely  oriented,  and  that  the  elongated 
areas  lie  in  two  directions  at  60*^  angles  to  each  other. 

In  order  to  observe  what  effect  quenching  would  have  on  the 
structure  of  this  material,  an  end  from  one  of  the  broken  test  speci- 
mens was  heated  to  900*^  C.  and  quenche(i  in  water.  The  structure 
resulting  from  this  operation  is  shown  in  micrograph  No.  2,  majgnified 
75  diameters.  It  is  somewhat  similar  to,  micrograph  No.  1  in  that 
it  is  similarly  oriented,  though  there  seems  to  be  only  one  unresolvable 
constituent  present,  instead  of  two,  as  in  micrograph  No.  1.  The 
structure  has^an  appearance  similar  to  coarse  martensite.  BrineU 
hardness  after  quencning  was  166. 
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MICROGRAPH  NO.  1.    (X7S.) 


MICROGRAPH   NO.  3.    (X75.) 


EEPOET  Olff  HAEKED  PEESSUEE  PLUO  SEHT  TO  SAVDT  HOOK 

PEOVINQ  OEOUND. 

In  connection  with  the  study  of  erosion  of  guns,  a  standard  major 
caliber  pressure  plug,  except  that  it  was  free  from  lettering,  was 
obtainea  from  Frankford  Arsenal.  This  plug  was  polished  and 
etched  on  the  top  of  head  and  examined  microscopically.  Micro- 
graphs No.  1  and  jSTo.  2  show  the  structure  at  75  ana  400  diameters. 
This  structure  was  a  very  fine  grained  sorbito-pearUte  and  ferrite. 

The  letters  O  and  V  were  then  stamped  on  the  plug  at  the  pressures 
indicated  on  figure  3,  and  two  pimch  marks  were  made' holding 
the  punch  at  an  angle  of  45®  witn  the  surface.  Photograph  No.  3 
shows  the  appearance  of  the  top  of  the  plug  when  ready  to  be  sent 
to  Sandy  Hook. 

The  plug  was  returned  from  Sandy  Hook  Proving  Ground  for 
examination  after  having  been  fired  100  roimds.  Photographs  were 
made  of  both  letters,  some  of  which  are  herewith  shown. 

Inspection  shows  that  at  those  points  of  maximum  pressure  there 
has  been  the  maximum  change  in  the  condition  of  the  metal.  The 
metal  originally  in  the  sorbitic  state  has  begun  to  change  to  the 
troostitic  condition  as  the  result  of  firing.  The  relative  change  is 
well  shown  by  reference  to  photographs  of  the  letter  V  impressed  at 
5,000,  2,000,  1,500,  and  1,000  pounds,  respectively.  At  the  lowest 
pressure  there  has  been  little  ii  any  change  from  the  original,  while 
m  the  others  the  sorbito-troostitic  change  has  been  proportional  to 
the  pressure.  In  other  words,  the  effect  of  cold  work  upon  the  sorbite- 
troostite-martensite  change  has  proceeded  through  tne  first  change, 
and  the  pressure  plug  has  been  returned  for  further  firing  with  tne 
belief  that  the  next  change  will  be  accomplished  with  time  as  inti- 
mated in  the  Tests  of  Metals  for  1914,'* Erosion  of  guns." 
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MICROSCOPIC  EXAMINATION  OF  STEEL. 
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A  brochure  on  the  microscopic  examination  of  steel,  intended  pri- 
marily for  the  use  of  inspectors  of  ordnance,  has  been  prepared  by 
the  personnel  of  the  laboratory.  It  has  been  publishea  in  booklet 
forrn^  as  Ordnance  Pamphlet  No.  1961. 

As  it  is  believed  that  it  is  of  general  interest  and  use,  it  is  reprinted 
herein. 
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MICBOSCOPIC  EZAKIHATIOir  OF  STEEL. 

INTRODUCTION. 

• 

This  pamphlet  is  intended  prinaarily  for  the  use  of  inspectors  of 
ordnance  as  an  aid  in  the  inspection  of  ordnance  matenal.  It  is 
meant  to  present  a  mere  outline  of  metallographic  methods,  and 
should  only  be  used  in  conjunction  with  a  study  of  textbooks  on  the 
metallography  of  iron  and  steel,  and  with  reference  to  original  papers 
appearing  m  the  journals  bearing  on  this  subject.  It  should,  further- 
more, be  used  with  caution,  as  it  is  believed  the  metallographic  diag- 
nosis can  be  made  only  after  much  experience  in  the  handling  of  a 
variety  of  materials. 

The  supreme  test  of  any  metal  is  a  test  to  destruction,  but  unfor- 
tunately this  method  is  usually  too  expensive  and  time  consuming  to 
lend  itself  to  useful  purposes.  A  practical  field  test  is  also  satisfac- 
tory, but  in  order  to  carry  on  such  a  test  in  a  systematic  manner,  a 
certain  amoimt  of  information  must  be  obtained  previous  to  the 
assembling  of  the  materials  for  such  a  test.  In  order  to  j  udge  whether 
or  not  a  metal  is  suitable  for  the  purpose  for  which  it  is  intended, 
separate  parts  of  the  metal  are  selected  for  test  and  upon  the  results 
of^  these  tests  the  metal  is  judged  as  a  whole.  Physical  and  chem- 
ical tests  are  usually  apphed,  and  both  give  satisfactory  and  neces- 
sary information  within  certain  limits;  but  neither  is  absolutely  con- 
clusive in  itself,  and  the  results  of  the  two  methods  of  testing  should 
always  be  used  in  conjimction. 

To  further  supplement  the  information  obtained  by  physical  and 
chemical  tests,  metallographic  tests  which  give  information  not  ob- 
tainable by  the  other  metnods  have  been  introduced.  The  particu- 
lar use  of  metallographic  testing  is  to  give  information  in  regard  to 
the  homogeneity  of  the  metal,  and  the  heat  treatment  to  which  it 
has  been  subjected.  These  observations  are  extremely  useful  in  con- 
junction with  the  results  of  the  other  methods,  but  are  not  sufficient 
m  themselves,  at  the  present  time,  as  a  basis  for  conclusion  on  account 
of  not  yet  having  been  sufficiently  standardized.  Interpretation  of 
results  is  an  important  factor,  and  in  cases  of  doubt  the  results  should 
be  referred  to  the  Watertown  Arsenal. 

The  following  pages  are  submitted  as  a  help  to  inspectors,  who 
should  inform  wiemselves  more  fuUy  in  regard  to  underlying  princi- 
ples involved  and  to  methods  employed. 

SLOWLY  COOLED  STEELS. 

When  steel  passes  from  the  liquid  to  the  solid  state  it  forms  what 
is  called  a  solia  solution.  The  temperature  at  which  the  change  from 
liquid  to  solid  metal  takes  place  is  progressively  lowered  with  increase 
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of  carbon.  The  resulting  solid  solution  is  subject  to  certain  reactions 
which  take  place  as  the  sohd  mass  is  further  cooled.  The  tempera- 
tures at  which  these  reactions  take  place  are  known  as  '^critical  tem- 
peratures," or  critical  points,  and  are  made  evident  by  evolutions  or 
absorptions  of  heat.  The  reactions  are  reversible  ones,  depending 
upon  whether  the  points  are  observed  on  a  rising  or  falling  tempera- 
ture. Points  obtained  upon  a  falling  temperature  are  referred  to 
as  Ar„  Ar^,  Ar,;  points  obtained  on  a  rising  temperature  as  Acj,  Acj, 
and  Ac,. 

The  reactions  which  take  place  at  these  critical  temperatures  deter- 
mine the  character  of  the  resulting  product.  Inasmuch  as  some  of 
these  points  are  dependent  upon  the  percentage  composition  of  the 
metal,  particularly  carbon,  the  properties  of  any  steel  are  then  de- 
pendent upon  the  percentage  oi  carbon  and  the  completeness  with 
which  the  reactions  have  taken  place  at  the  critical  temperatures. 

For  practical  purposes  the  Ar,  and  Acj  points  need  not  be  consid- 
ered. In  steels  containing  less  than  0.85  per  cent  C.  the  Ar,  point 
represents  the  beginning  of  the  decomposition  of  solid  solution  and 
the  throwing  out  of  some  of  the  solvent,  viz,  iron.  The  temperature 
at  which  this  reaction  beguis  is  progressively  lowered  with  increase 
of  carbon  up  to  0.85  per  cent.  In  steels  containing  more  than  0.85 
per  cent  C.  me  upper  critical  temperature  is  progressively  raised  with 
mcrease  of  carbon  up  to  1.7  per  cent  C.  and  is  referred  to  as  Acm.  and 
the  reaction  taking  place  represents  the  beginning  of  the  separation 
of  iron  carbide,  FejC,  on  a  falling  temperature,  and  the  completion  of 
solution  of  iron  carbide  on  a  rismg  temperature.  The  Ar,  point  for 
all  carbon  steels  is  approximately  at  the  same  temperature  and  rep- 
resents the  final  decomposition  of  the  solid  solution  into  its  constitu- 
ents, iron  and  iron  carbide.  The  Ac^  point  is  approximately  30^ 
higher  than  the  Ar^  point  and  represents  the  beginning  of  the  forma- 
tion of  solid  solution.  In  steels  containing  0.85  per  cent  C.  there  is 
but  one  critical  temperature  at  which  the  solid  solution  decomposes 
into  its  constituents,  iron  and  iron  carbide.  This  is  known  as  an 
eutectoid  steel,  and  its  microscopic  constituent  is  pearlite.  Pearlite 
always  etches  dark,  and  tmder  nigh  magnifications  is  shown  to  con- 
sist of  alternate  laminations  of  iron  and  iron  carbide.  Steels  contain- 
ing less  than  0.85  per  cent  C.  are  hj^oeutectoid  and  contain  the 
rmcroscopic  constituents  of  ferrite  and  pearlite,  the  amount  of  the 
latter  increasing  with  the  per  cent  of  carbon.  Steels  containing  more 
than  0.85  per  cent  C.  are  nypereutectoid  and  contain  the  microscopic 
constituents  cementite  (iron  carbide,  Fe,C)  and  pearlite.  These  facts 
are  illustrated  in  the  diagram.     (Fijg.  1.) 

Hypo-eutectoid  steels  are  used  K>r  forgings  and  castings;  hyper- 
eutectoid  steels  for  tools;  eutectoid  steeis  for  tires,  sprmgs,  etc. 
Examples  illustrating  these  constituents  are  shown  in  photographs 
Nos.  1-9. 

Photograph  No.  1  shows  the  characteristics  of  a  carbonless  iron 
in  which  the  whole  field  is  made  up  of  granules  of  ferrite.  With  the 
introduction  of  carbon  there  is  a  decrese  in  the  amount  of  ferrite  and 
the  constituent  pearUte  begins^  to  appear.  This  is  shown  in  photo- 
graph No.  2,  for  a  steel  containing  0.18  per  cent  C.  Inasmuch  as 
steels  containing  0.85  per  cent  C.  contain  100  per  cent  pearlite,  and 
pearlite  being  composed  of  ferrite  and  cementite,  in  this  steel  con- 
taining 0.18  per  cent  carbon  there  ought  to  be  approximately  20 
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per  cent  of  the  field  made  up  of  pearlite.  In  a  steel  containing  0.5 
per  cent  C.  there  should  be  58.8  per  cent  pearlite.  Such  a  steel 
IS  shown  in  photograph  No.  4.  A  eutectoid  steel  containmg  0.83 
per  cent  C.  and  practically  100  per  cent  pearlite  is  shown  in  photo- 
graph No.  7.  Under  higher  maCTiifications  pearlite  shows  the 
laminated  structure  shown  in  pnotograph  No.  8.  In  hyper- 
eutecteid  steds  the  excess  carbon  beyond  that  necessary  to  form 
pearUte  separates  as  free  cementite  and  the  amount  of  free  cementite 
can  be  calculated.  ^  Inasmuch  as  the  whole  field  is  made  up  of 
pearlite  and  cementite  and  it  requires  0.85  per  cent  of  the  carbon 
to  form  the  pearlite,  the  difference  between  the  total  carbon  and 
0.85  per  cent  0.  ^ves  the  amount  of  carbon  available  to  form  cementite. 
Thus,  in  a  steel  containing  1.25  per  cent  C.  there  is  available  for 
cementite  formation  0.4  per  cent  C.  And  as  cementite,  FejC,  con- 
tains 6.67  per  cent  C.  the  0.4  per  cent  carbon  would  furnish  ap- 
proximately 6  per  cent  cementite  which  would  occur  in  the  free 
state,  and  the  steel  would  contain  94  per  cent  of  pearlite  and  6  per 
cent  cementite.  (See  photograph  No.  9.)  It  is  thus  evident  that 
by  microscopic  examination  a  rough  determination  of  carbon  may 
be  made  on  slowly  cooled  steels,  rhotograph  No.  10  shows  a  st«el 
containing  1 .46  pjer  cent  carbon — approximately  9  per  cent  cementite— 
in  which  the  wnite  constituent  is  cementite. 

RAPIDLY  COOLED    STEELS. 

Every  chemical  reaction  has  a  time  factor.  In  the  slow  cooling 
or  heating  of  steels  the  reactions  taking  place  at  the  critical  tem- 
peratures are  almost  complete  and  the  products  of  the  reactions  are 
in  a  state  of  stable  equilibrium.  If  this  time  factor  be  disturbed  the 
state  of  equilibrium  is  also  disturbed.  If  the  rate  of  cooling  is 
rapid  enough  the  reactions  which  ordinarily  take  place  on  Sow 
cooling  are  suppressed  and  the  metal  is  maintained  in  the  condition 
in  which  it  existed  at  the  temperatures  from  which  cooling  began. 
If  cooled  rapidly  from  above  Ar^,  the  reactions  winch  ordinarily 
take  place  on  slow  cooHng  have  not  time  to  take  place,  and  the 
solid  solution  present  persists  at  the  ordinary  temperatures,  but, 
inasmuch  as  sond  solution  of  iron  carbide  in  iron  is  in  stable  equilib- 
rium only  at  temperatures  above  Ac^,  then  it  must  be  in  a  state  of 
unstable  equilibrium  at  the  ordinary  temperature.  This  is  the  con- 
dition of  hardened  steel  and  is  produced  by  quenching  in  water, 
brine,  or  oil  at  some  temperature  above  Acj.  Tiie  tendency  toward 
stable  equilibrium  is  very  small  at  the  ordinary  temperature,  but  it 
increases  with  rise  of  temperature  and  time.  Tne  microscopic 
constituent  produced  in  quenched  steel  is  known  as  martensite  and 
is  characterized  by  needle-Uke  crystals  crossing  each  other  at  angles 
of  60®.  Photograph  No.  11  shows  the  characteristic  appearance. 
Commercially,  martensitic  steels  are  uninmortant  on  accoimt  of 
their  extreme  brittleness,  and  they  are  foundTonly  rardy. 

More  imphortant,  however,  are  those  steels  in  which  the  unstable 
state  of  equilibrium  has  been  partially  relieved  by  the  process  Jmown 
as  tempenng  or  drawing. 

If  heated  to  temperatures  below  Acj.  the  effect  produced  will  vary 
with  the  temperature.    The  lower  the  temperature  of  reheating  the 
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smaller  is  the  tendency  toward  stable  equilibrium;  the  higher  the 
temperature  the  more  stable  is  the*  product  produced.  Practically 
any  degree  of  hardness  may  be  produced,  varying  from  glass  to 
extreme  softness,  by  properly  regulating  the  temperature  of  the 
heating.  There  are  then  two  extremes,  the  martensitic  steels 
formea  by  quenching  from  above  Ac^  and  the  pearlitic  steels  formed 
by  cooling  slowly  from  Ar*  or  above.  Intermediate  between  these 
extremes  are  steels  in  whicn  more  or  less  of  the  unstable  solid  solu« 
tion  has  been  partly  converted  to  more  stable  forms.  Such  forms 
are  represented  microscopically  by  troostite  and  sorbite.  Troostite, 
formed  by  tempering  at  relatively  low  temperatures,  represents  the 
first  stage  in  the  breaking  down  of  the  unstable  equilibrium  and  is 
characterized  by  the  amorphous  or  sfighlty  granular  structure. 
On  etching  with  alcoholic  mtric  acid  the  surface  usually  blackens 
immediately  from  separated  carbon.  Photograph  No.  12  shows 
troostite. 

Sorbitic  steels  are  those  which  have  been  quenched  and  heated  to 
a  higher  temperature  and  thus  represent  a  more  stable  state  of 
equifibrium.  They  are  characterized  by  having  a  peculiar  gra^y- 
ish  color,  and  the  structure  is  better  defined  than  troostite.     Tne 

f»articles  of  iron  carbide  have  not  assimied  definite  laminations  with 
errite  as  in  pearlite.  but  are  very  much  more  distinct  than  in 
troostite.    Photograpn  No.  13  shows  sorbite. 

Similar  eflfeots  may  be  produced  by  varying  the  rate  of  cooling. 
Thus,  if  the  steel  be  quenched  in  the  critical  range  at  the  beginning 
of  the  transformation  of  solid  solution  into  its  components,  troostite 
mav  be  produced;  ii  quenched  near  the  end  of  the  transformation, 
sorbite  may  be  produced.  Quenching  below  the  critical  range 
should  theoretically  produce  the  same  enects  as  slow  cooling. 

ANNEALED  STEELS. 

In  the  heating  of  steels  to  a  high  temperature,  and  in  the  slow 
cooling  from  a  high  temperature,  either  without  having  been  forged 
or  after  having  been  forged  at  a  high  temperature,  there  is  considerable 
grain  growth  of  the  steel  with  strong  tendency  toward  granulation, 
in  the  making  of  castings  there  is  good  opportunity  for  grain  growth 
and  also  for  the  formation  of  internal  strains.  To  remove  strains 
and  to  refine  the  grain,  steel  is  annealed.  The  temperature  of  anneal- 
ing is  determined  by  the  percentage  of  carbon.  For  hypoeutectoid 
steels  the  temperature  most  suitable  is  coincident  with  the  tempera- 
ture at  which  complete  diffusion  or  solution  of  the  constituents 
takes  place.  This  corresponds,  to  the  Ac,  point,  and  for  steels  con- 
taining less  than  0.85  per  cent  C.  is  progressively  lowered  from  900° 
C.  for  pure  iron  to  700®  C.  for  eutectoid  steel.  Usually  a  temperature 
25-50   higher  should  be  reached. 

In  hypereutectoid  steels  the  tendency  for  the  structure  to  coarsen 
is  very  much  greater,  and  consequently  the  heating  for  annealing 
should  be  carried  only  a  little  over  the  Ac,  point. 

Microscopic  examination  gives  a  clue  not  only  to  the  temperature 
at  which  a  steel  has  been  annealed,  but  also  gives  a  very  strong 
indication  of  the  rate  at  which  cooling  has  taken  place. 

42461  **--17 20 
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NONMETALLIC   IMPURITIES. 

In  addition  to  the  normal  constituents  of  steel,  there  are  some 
abnormal  constituents  commonly  classified  under  the  name  of  slag, 
which  may  include  such  substances  as  silicate  of  manganese,  sulphide 
of  manganese,  and  oxide  of  iron.  Mixtures  of  silicates  of  iron  and 
manganese  may  occur  and  also  mixtures  of  silicates  of  manganese 
and  sulphide  oi  manganese.  Oxide  of  iron  ordinarily  occurs  near  the 
surface  as  the  result  of  rolling  in  the  same  mill  scale,  but  may  at 
times  penetrate  quite  deeply-  mto  the  interior,  and  in  either  case  is 
usually  accompanied  by  partial  decarbonization. 

It  is  difficult  at  times  to  distinguish  readily  between  silicate  and 
sulphide  of  manganese  without  resort  to  special  tests.  They  both 
occur  as  dove-colored  constituents  and  are  best  observed  on  the 
poUshed  but  imetched  surface.  (See  photos.  Nos.  17  and  18.)  The 
former,  especially  if  occurring  in  masses,  will  frequently  show  crys- 
talline-etch fiffures.  (See  pnotos.  Nos.  14  and  15.)  In  slowly 
cooled,  imwoiied  steels  they  will  show  as  rounded  dove-colored 
masses  usually  in  the  ferrite;  in  forged  steels  they  are  elongated  in 
the  direction  of  foiling.  (See  photos.  Nos.  16  and  17.)  Inasmuch 
as  all  steels  contain  some  slag,  it  is  a  matter  of  opinion  as  to  how 
much  should  be  allowed.  The  form  in  which  it  occurs  is  of  greater 
importance  than  the  actual  amount  present,  although  the  smaller 
the  amount  of  slag  the  better  the  product.  It  is  especially  unde- 
sirable to  have  the  slag  in  masses,  and  particularly  in  elongated 
streaks.  It  then  produces  ghost  lines  and  is  usually  accompanied 
by  streaks  of  femte  which  are  usually  further  embrittled  by  the 
presence  of  high  phosphorus.  Such  sla^  streaks  are  frequently  the 
source  of  cracks  whicn  develop  along  tne  slag  in  the  direction  of 
forang. 

Sy  reference  to  photographs  Nos.  14  to  18  may  be  seen  some  of 
the  forms  in  which  slag  may  occur,  and  other  examples  may  be  seen 
\mder  the  discussion  of  speciul  cases. 

Inspectors  should  observe  the  following: 

1.  Macros tructure  for  (a)  ingot  structure,  (6)  segregation,  and 

(c)  blowholes. 

2.  Slag. 

3.  Streaks. 

4.  Heat  treatment. 

5.  Composition. 

Macrostrudure  is  the  appearance  of  the  etched  surface  seen  by  the 
naked  eye.  Microstructure,  on  the  other  hand,  is  that  appearance 
of  Ihe  etched  surface  seen  under  a  microscope.  The  macrostructure 
often  yields  important  evidence  concerning  the  qualities  of  the 
metal.  The  structure  is  usually  developed  on  a  roughly  polished 
area  of  considerable  size,  or  if  it  is  possible  to  work  onfy  with  small 
sections,  it  is  recommended  that  the  test  bars  be  rough  polished  on 
two  sides,  at  right  angles  to  each  other,  before  being  turned  into 
shape.  The  development  of  the  structure  is  accomplished  by  etching 
the  surface  with  a  6  per  cent  solution  of  iodine  in  alcohol  or  with  an 
8  per  cent  solution  of  copper  ammonium  chloride.  The  former 
should  always  be  preparea  immediately  before  use,  as  it  keeps  in 
good  condition  only  a  reliatively  short  time.  The  copper  ammonium 
chloride  should  be  used  only  for  those  specimens  which  can  be  dipped 
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into  it,  and  the  time  of  action  should  be  approximately  one  minute. 
This  solution  will  not  give  results  with  alloy  steels  on  accoimt  of  the 
tenacity  with  which  the  deposited  copper  adheres  to  the  surface. 
With  carbon  steels  the  deposited  copper  is  very  easily  removed  by 
rubbing  with  a  piece  of  wet  cotton. 

In  using  the  iodine  the  polished  surface  is  swabbed  with  cotton 
holding  the  reagent,  and  the  process  is  repeated  as  fast  as  the  color 
of  the  iodine  disappears  for  a  period  of  nve  minutes.  TTie  macro- 
structure  thus  developed  shows:  Ingot  structure,  segregation  of  car- 
bon or  phosphorus,  excessive  slag,  strained  metal. 

The  presence  of  ingot  structure  such  as  shown  in  photograph  No.  19 
indicates  tiliat  the  heat  treatment  and  forging  have  not  been  sufficient 
to  wipe  out  the  crystallization  which  occurred  on  the  sohdification  of 
the  metal.  It  is  not  definitely  known  that  the  presence  of  ingot 
structure  b  harmful,  and  it  is  frequently  accompanied  by  excellent 
microstructure,  but  it  serves  as  an  indication  of  the  heat  treatment 
to  which  the  metal  has  been  subjected  after  sohdification.  It  is 
believed  that  such  a  structure  would  not  be  found  in  the  best  steel, 
and  it  is  further  beUeved  that  metal  showing  ingot  structure  would 
be  more  liable  to  rupture  from  shock  than  metal  in  which  the  ingot 
structure  had  been  wiped  out  by  heat  treatment  and  forging. 

Segregation  of  carbon  or  phosphorus  may  be  brought  out  most 
successfully  by  etching  a  complete  cross  section  of  the  metal  under 
investigation,  such  as  shown  in  photograph  No.  20  of  a  rail  section 
in  whidi  se^egation  of  carbon  is  shown,  or  in  photo^aph  No.  21  of 
a  cross  section  of  a  piece  of  cold-rolled  shafting  in  which  segregation 
of  phosphorus  is  shown.  Photo^aph  No.  22  shows  a  longitudinal 
section  of  tlie  same  piece  of  shafting,  and  is  etched  with  nitrio  acid, 
which  darkens  the  pnosphide  areas.  It  is  seldom  possible,  however, 
to  obtain  complete  cross  sections,  but  valuable  indications  may  be 
obtained  from  surface  structures  or  from  test-bar  sections  sucn  as 
shown  in  photograph  No.  38  of  test  bars  marked  2,  3,  and  5.  The 
phenomena  observed  here  will  be  more  fully  discussed  later. 

Both  iodine  and  copper  ammonium  chloride  show  dark  areas  where 
segregated  carbon  occurs;  iodine  leaves  phosphide  areas  whiter  than 
the  surroimding  metal,  whUe  copper  ammomum  chloride  leaves  the 
area  dark  and  the  copper  adheres  more  tenaciously  to  a  phosphide 
than  to  a  carbide  area.  Excessive  slag  is  shown  by  a  pitted  or  spongy 
area  where  the  slag  has  segregated. 

Strained  metal  mvariaUiy  etches  more  darkly  than  metal  which 
has  not  been  strained,  and  the  extent  of  the  strained  area  may  be 
determined  bv  etching  with  either  reagent.  Photograph  No.  23  shows 
an  area  which  has  been  strained  by  cold  work. 

Slaa.-SlBg  is  undoubtedly  harmful  if  the  material,  either  sihcate 
or  sulphide,  occurs  in  large  quantities  in  s^r^atea  masses,  or  if 
present  in  masses  elongated  in  the  direction  of  forging.  The  position 
of  the  slag  in  the  metal  is  also  of  importance,  and  that  which  occurs 
in  regions  of  severest  strain  is  most  to  be  feared.  It  must  always 
be  remembered  that  in  observing  slag  the  particular  spot  in  view  is 
magnified  50  to  100  diameters  and  it  may  be  only  an  isolated  spot. 
If  tound^  an  exploration  in  the  neighboring  region  should  be  made  to 
see  if  it  IS  generally  distributed.  It  should  also  be  remembered  that 
low-carbon  steels  may  carry  with  safety  more  slag  than  high-carbon 
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Steels.  In  photographs  Nos.  14,  15,  16,  17,  53,  54,  and  55  are  shown 
slag  areas  which  would  at  once  arouse  suspicion,  and  if  found  in  rup- 
tured material  an  exploration  would  more  likely  show  similar  areas 
throughout  the  region  of  fracture. 

The  inclusion  of  oxide  is  frequently  accompanied  bv  partial  decar- 
bonization  and  is  most  frequently  found  on  or  near  tne  surface.  An 
example  of  this  is  shown  in  photograph  No.  24,  in  which  it  is  seen 
that  a  crack  has  penetrated  through  the  slag,  probably  mill  scale, 
and  in  the  crack  are  the  remnants  of  the  slag.  On  the  left  of  the  crack 
is  the  normal  structure  and  on  the  right  is  a  decarbonized  area  con- 
taining slag.  Such  an  area  would  prooably  be  large  enough  to  show 
to  the  naked  eye  and  would  be  considerea  unsafe.  Other  examples 
of  oxide  inclosures  are  cited  on  pages  259  and  260  in  the  discussion 
of  the  failure  of  12-inch  gun  and  14-inch  gun  lever. 

Streaks.— On  machining  a  metal  there  may  often  be  seen  lines  or 
areas  on  the  surface  which  have  a  different  luster  from  the  main  mass 
of  metal  and  which  frequently  miichine  quite  differently  from  the 
metal  siuroimding  it;  or  on  polishing  and  etching,  lines  of  different 
luster  may  stand  out  prominently  and  invariably  elongated  in  the 
direction  of  forging.  Such  lines  or  areas  are  known  as  streaks  or 
ghost  lines  and  may  occur  as  either  dark  or  light  in  comparison  to 
the  surroimding  metal.  Streaks  are  usually  accompanied  by  sla^. 
If  the  slag  is  oxidizing  in  character,  the  streak  wiU  be  decarbonized, 
and  at  the  same  time  the  f  errite  areas  will  be  embrittled  by  being 
rich  in  phosphorus.  Such  streaks  may  be  the  source  of  fracture  ana 
should  be  looked  upon  with  suspicion. 

Dark-colored  streaks  usually  contain  silicate  of  manganese  and  are 
less  harmful,  the  metal  showing  considerable  ductihty  m  the  streaked 
region. 

lladial  test  pieces  from  gun  forgings  wiQ  freauently  show  streaks, 
and  on  account  of  the  tension  being  normal  to  tne  direction  of  exten- 
sion, the  specimen  will  show  low  ductiUty.  Photographs  Nos.  25  and 
26  snow,  respectively,  dark  and  light  streaks,  and  photograph  No.  27 
shows  the  microstructure  of  a  portion  of  the  light-colored  streak  with 
its  decarbonization  and  accompanying  slag.  (See  also  '^  Tests  of 
Metals"  for  1909,  vol.  2.) 

Heat  treatment. — It  is  important  that  the  heat  treatment  should 
represent  the  best  practice.  This  will  vary  with  the  purposes  for 
which  the  material  is  to  be  used.  In  annealed  steels  tne  structure 
should  not  only  show  the  finest  grain  which  it  is  possible  to  ^ve  the 
material,  but  it  should  be  uniform  throughout  the  metal,  considering, 
however,  that  the  mass  of  metal  influences  the  structure.  Hius  the 
surface  indications  are  not  iJways  the  same  as  would  be  found  in  the 
center  of  a  large  section.  Variations  between  the  exterior  and 
interior  should  therefore  be  expected  on  accoimt  of  slower  cooling  of 
the  interior  and  the  inabiLity  to  always  have  the  foiling  affect  the 
whole  mass  of  metal  alike.  Coarse  structure  on  the  surface  wiU 
usually  indicate  coarser  material  in  the  center  of  the  mass.  Coarse 
structured  material  may  pass  physical  specifications,  but.  nevertiie- 
less,  it  does  not  represent' the  best  practice.  Photograpns  Nos.  28 
and  29  represent  respectively  coarse  structure  and  fine  structure  of 
the  same  material,  and  the  latter  is  undoubtedly  the  better  material, 
as  may  be  seen  from  the  respective  physical  properties.  Photc^raph 
No.  30  shows  an  ujidesirably  coarse  structure,  and  No.  31  shows  a 
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crystalline  structure  which  is  not  only  undesirable  but  which  could 
have  been  avoided  by  suitable  heat  treatment. 

Failure  to  obtain  uniformity  of  structure  b  shown  in  photograph 
No.  32.  Discussion  of  photographs  Nos.  49,  51,  and  53  will  be  found 
under  the  discussion  of  some  of  the  special  cases,  viz,  the  failure  of 
14-inch  gim  lever  arm.  Dangerous  overheating  is  shown  in  photo- 
graph No.  33.  In  this  case  the  material  is  burnt,  as  is  shown  by  the 
oxide  between  the  granules  of  pearlite. 

In  material  whicn  has  been  quenched  and  subsequently  tempered, 
there  is  greater  difficultv  in  denning  the  structure,  but  in  general  it 
should  be  fine  and  usually  sorbitic,  unless  in  imusual  cases,  especially^ 
high  strength  and  lower  ductility  is  desired,  in  which  cases  troostite 
mav  be  found.  In  steels  in  which  it  is  desired  to  have  high  strength 
ana  high  ductUity  and  obtained  by  either  oil  or  water  quenching, 
followed  by  a  tempering  process,  and  in  which  the  structure  is  usual^ 
sorbitic,  it  should  be  observed  tnat  the  original  martensitic  structure 
be  completely  removed  by  the  tempering  process.  This  point  is 
illustrated  by  photograph  No.  34  in  which  there  are  distinct  remains 
of  the  original  martensitic  structure.  Such  a  steel  properly  heat 
treated  ou^ht^to  show  a  structure  similar  to  Nos.  12  or  13. 

Composition. — On  slowly  cooled  or  annealed  steels,  the  percentage 
of  carbon  may  be  roughly  estimated.  On  quenched  steels  this  esti- 
mation is  much  more  difficult  and  usually  impossible.  However, 
with  some  experience,  the  observer  can  tell  approximately  whether 
or  not  the  percentage  of  carbon  is  what  the  specifications  call  for. 
The  chemical  analysis,  however,  gives  more  accurate  data  and 
should  always  be  relied  upon  for  mial  decision.  In  certain  cases, 
however,  a  rough  microscopic  analysis  may  be  made  with  advantage. 
For  example,  in  photc^aph  No,  35  (broken  recoil  spring),  there  is 
plainly  an  excess  of  cementite,  indicating,  as  was  subsequently  shown 
Dy  analysis,  about  1.25  per  cent  of  caroon.  Such  material  is  evi- 
dently unsuited  for  spring  steel  on  account  of  the  presence  of  the 
weak  and  very  brittle  constituent,  cementite.  The  main  body  of 
this  spring'  showed  troostite,  not  in  itself  imsuitable,  most  of  the 
carbon  bemg  in  solid  solution,  but  the  center  portion  was  not  cooled 
rapidly  enough  to  prevent  the  separation  of  free  cementite.  The 
conclusion  is  evident  that  a  steel  containing  less  carbon  would  have 
been  more  suitable. 

THE   EFFECT   OF   WORK  ON   GRAIN   SIZE. 

Steel  cooled  slowly  and  undisturbed  from  a  high  temperature  wiU 
show  a  coarsely  granular  or  crystalline  structure,  and  the  size  of  the 
grain  is  a  function  of  the  temperature  and  the  time  during  which  the 
material  was  held  at  the  maximum  temperature,  and  the  rate  at 
which  the  material  was  cooled.  In  lai^e  masses  of  material  the 
structure  will  be  coarser  in  the  center  than  at  the  surface,  due  to  the 
difference  in  rate  of  cooling.  In  order  to  overcome  this  difference  and 
at  the  same  time  to  produce  a  homogeneous,  uniform  material  the 
steel  is  worked  during  the  period  at  which  grain  growth  would  ordin- 
arily take  place.  Steel  which  has  been  not  worked  down  to  the 
Atj  point  will  show  a  finer  grain,  and  will  be  stronger  than  the  same 
steel  slowly  cooled  without  work,  and  will  at  the  same  time  show 
high  ductility.     Examples  of  steel  worked  and  unworked  are  shown 
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in  photographs  Nos.  29  and  28.  Steel  which  has  been  worked  below 
Atj — cold  worked — ^wUl  show  considerable  distortion  of  grain,  as 
shown  in  photograph  No.  36. 

The  following  illustrations  will  serve  to  indicate  types  of  structure 
which  have  been  found  in  defective  material  which  failed  in  service. 

10-INCH   RIFLE,   MODEL   1895. 

The  tube  of  this  gun  was  found  to  be  cracked  after  proof  firing. 
The  crack  was  situated  about  2  feet  in  from  the  breech  end  and 
extended  in  the  form  of  a  crescent  through  a  visible  distance  of  about 
10  inches.  At  the  central  portion  of  tne  crack  the  walls  were  con- 
siderably more  separated  than  at  either  end,  and  considerable  metal 
had  been  removed  at  this  point.  The  general  appearance  is  shown 
in  photograph  No.  37.  It  will  be  noted  that  the  crack  is  not  con- 
tinuous. 

Photographs  No.  38  and  No.  39  show  the  macrostructure  of  this 
steel  when  etched  with  iodine,  the  specimens  shown  in  photograph 
No.  38  being  taken  longitudinal,  radial,  and  tangential.  The  segre- 
gation of  phosphorus  is  indicated  by  tne  dark  hues  in  pieces  No.  2 
and  No.  5  of  photograph  No.  38,  and  in  both  pieces  oi  photograph 
No.  39,  and  by  the  dark  spots  in  piece  No.  3.  Photograph  No.  39 
shows  the  metal  cut  from  the  region  of  the  fracture  and  treated  in 
the  same  manner,  as  shown  in  test  piece  marked  6  in  photograph 
No.  38,  and  in  other  test  pieces  not  shown.  The  dark  streaks  were 
fotmd  to  be  elongated  parallel  to  the  direction  of  forging,  and  it  is 
reasonable  to  suppose  tnat  the  elongation  will  always  be  parallel  to 
the  surfaces  being  forged.  By  inspection  of  the  two  larger  pieces  of 
metal  cut  from  the  region  of  the  crack,  photograph  No.  39,  it  will  be 
seen  that  there  is  considerable  distortion  of  the  phosphide  areas  near 
the  rifled  surface.  This  would  seem  to  indicate  that  by  some  means 
a  fold  in  the  metal  had  taken  place  at  this  point  and  that  in  forging 
it  out  the  phosphide  areas  had  been  distorted  to  the  same  extent  as 
the  surface  of  the  fold. 

In  photographs  of  test  piece  No.  3  is  sl^pwn  a  face  cut  normal  to  the 
direction  of  forging.  In  all  specimens  cut  in  a  similar  direction  there 
is  always  the  same  evidence  of  ingot  structure  or  primarj^  crystalli- 
zation, which  is  indicated  by  the  appearance  of  the  white  interpene- 
trating hnes  as  shown.  This  crystallization  was  produced  at  the  time 
of  the  passage  of  the  metal  from  the  liquid  to  the  solid  state,  and 
during  the  cooling  from  the  temperature  of  sohdification  to  about 
700°  C.    This  is  characteristic  of  mgot  crystallization. 

Subsequent  heat  treatment  and  forging  should  have  completely 
ehminated  all  traces  of  this,  and  its  presence  is  an  indication  of^aulty 
manipulation.  Further  evidence  of  faulty  heat  treatment  is  found 
in  the  microstructure  of  the  steel. 

Examination  of  sections  in  the  vicinity  of  the  crack  showed  many 
fine  cracks,  slag  inclusions,  and  carbonless  areas.  The  cracks  led  to 
slag,  and  where  the  slag  was  found  there  was  also  found  decarbonized 
areas.  Photograph  No.  40  shows  a  crack  ending  in  slag  and  sur- 
rounded by  decarbonized  iron.  The  course  of  tne  slag  was  quite 
irregular,  as  shown  in  photographs  No.  41  and  No.  42. 

Tliat  the  slag  originated  during  the  process  of  forging  and  was 
folded  into  the  metal  rather  than  (mring  the  manufacture  of  the  steel 
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is  indicated  by  the  fact  that  it  is  stronely  oxidizing  in  character.  If 
it  had  originated  at  the  time  of  making  the  steel,  and  had  then 
burned  out  some  of  the  carbon,  there  woiud  still  have  been  plenty  of 
time  for  more  carbon  to  have  diffused  back  into  these  areas.  It  is 
found  here,  however,  surrounded  by  free  ferrite  along  the  dag  lines, 
as  shown  in  photograph  No.  43  and  in  photograph  No.  44,  in  which 
is  shown  an  isolated  slag  spot  surrounded  by  free  ferrite,  and  this  in 
turn  by  the  normal  structure. 

Examination  was  made  of  the  surfaces  normal  to  the  lands  and 
grooves  of  the  rifling,  and  there  was  no  evidence  of  hardening  of  the 
surface.  It  is  thus  mghly  improbable  that  a  crack  could  have  origi- 
nated from  the  presence  of  hsuxlened  metal. 

It  is  beUeved  Ihat  the  crack  in  this  gun  was  caused  by  folding  in  of 
some  of  the  metal  during  forging.  Incidently  some  other  defects  are 
pointed  out. 

14-INCH   GUN  LEVER. 

This  lever  was  made  of  cast  steel  and  was  broken  during  the  test  of 
the  carriage.  A  microscopic  examination  revealed  the  structures 
shown  in  pnotographs  Nos.  46-51,  inclusive. 

Photograph  No.  46  shows  a  large  amount  of  segregated  ferrite  with 
included  slag.  These  ferrite  areas  are  of  such  a  size  that  they  are 
easily  visible  to  the  eye. 

In  the  fractured  ends  of  the  test  pieces  the  metal  shows  decidedly 
bright  spots,  and  these  are  due,  it  is  believed,  to  the  presence  of  the 
segregated  ferrite.  Further,  it  has  been  noticed  that  along  the  stem 
of  the  test  pieces  there  are  incipient  cracks  developed,  as  shown  in 
photograph  No.  45.  It  is  highly  probable  that  these  incipient  frac- 
tures are  developed  in  such  areas  as  shown  in  photograph  No.  47, 
which  shows  a  large  ferrite  field  at  the  edge  of  the  specimen.  It  is 
possible  that  if  the  forces  are  transmitted  equally  throughout  the  test 
piece  that  such  a  portion  would  yield  more  readilv  where  the  carbon 
was  lowest.  The  strength  of  such  a  spot  woula  be  approximately 
that  of  pure  iron,  or  about  40,000  pounds  per  square  incn,  while  the 
darker  areas  which  contain  more  carbon  woula  show  considerably 
higher  values.  The  presence  of  much  slag  in  the  ferrite  areas  would 
also  increase  the  brittleness  at  this  point,  and  would  accoimt  for  the 
low  ductility  in  some  specimens.  Further  examples  of  this  form  of 
se^egation  are  shown  in  photographs  No.  48  ana  No.  49. 

The  metal  has  not  been  annealed  in  such  a  way  as  to  remove  the 
original  crystallization  which  took  place  at  the  time  of  solidification. 
The  crystalline  structure  is  shown  in  photographs  Nos.  50  and  51. 
Proper  annealing  should  have^  completely  wiped  out  all  appearance 
of  this  kind.  Evidence  of  this  crvBtalline  nature  was  found  in  all 
specimens  examined,  and  it  is  highly  probable  that  wherever  such 
structure  appears,  casting  strains  exist.  Proper  annealing  would 
also  have  removed  aU  imtial  strains  and  would  have  remied  the 
structure. 

The  strength  and  ductility  have  undoubtedly  been  affected  by  the 
aforementioned  factors,  viz,  segregated  ferrite,  crystalline  structure, 
and  abundance  of  slag. 
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12-INCH  NAVY  GUN. 

A  section  of  the  metal,  1  inch  square,  was  cut  from  the  region 
of  the  fracture,  and  the  macrostructure  was  developed  by  etching  with 
iodine  solution.  Photograph  No.  52  shows  the  macrostructure  in 
which  is  shown  several  streaks  running  parallel  to  the  direction  of 
forging  on  the  left  hand  face,  and  on  the  right  hand  face  an  irregular 
area  of  segregation  normal  to  this  surface.  Small  fissures  were 
visible  and  both  faces  indicated  the  presence  of  slag.  Photograph 
No.  53  shows  the  microstructure  on  the  lonmtudinal  face  in  which  is 
seen  slag  and  small  fissures.  Photographs  Nos.  54  and  55  show  an 
imetched  and  etched  area  in  the  longitudinal  face,  some  of  the  same 
slag  areas  being  shown  in  each,  and  the  lack  of  homogeneity  of  the 
metal' is  evident. 

The  cause  of  rupture  is  believed  to  have  been  due  to  the  presence 
of  a  zone  of  streaked  metal,  and  further,  that  this  resulted  from  the 
presence  of  slag  in  the  original  ingot. 

POLISHING. 

To  prepare  a  specimen  for  microscopic  examination,  it  is  necessary 
to  polish  the  surface  until  a  perfectly  smooth  finish  is  obtained. 
Frequent  examination  imder  the  microscope  will  enable  the  operator 
to  determine  when  the  polishii^  should  end.  Small  specimens  are 
easiest  to  handle,  and  the  threaded  ends  of  broken  t€»t  specimens 
are  commonly  used.  The  broken  ends  are  cut  off  with  a  saw  and 
smoothed  witn  a  dead  smooth  file,  then  rubbed  on  a  piece  of  No.  120 
emery  cloth  and  later  on  a  piece  otf  No.  00,  care  beine  taken  to  change 
direction  frequently  so  that  the  scratches  are  at  rignt  angles  to  each 
other.  The  piece  is  then  rubbed  on  a  block  of  wood  covered  with 
felt  or  canvas  and  moistened  with  a  preparation  of  flour  emery  and 
water.    This  is  usually  appUed  with  a  fine  2-inch  brush. 

The  specimen  is  then  rubbed  successively  on  similar  blocks  mois- 
tened with  tripoli  and  jeweler's  rouse.  The  piece  should  be  carefully 
cleaned  before  changing  from  one  aorasive  to  another. 

If  power  is  available,  it  will  be  found  much  easier  to  polish  the 
specimens  on  rapidly  revolving  wheels  covered  with  fine  duck  or 
broadcloth,  to  wnich  the  abrasive  is  apphed  with  a  brush  or  in  the 
form  of  a  spray. 

After  poushing,  the  specimen  is  washed  carefully  in  running  water 
and  immediately  wiped  dry  with  a  towel  or  piece  of  absorbent  cotton. 

It  is  recommended  that  Appendix  1  of  Sauveur's  '* Metallography  " 
be  carefully  read. 

ETCHING. 

An  alcoholic  solution  of  nitric  acid  is  the  most  common  reagent 
used  for  etching,  and  is  prepared  by  adding  4  c.  c.  of  nitric  acid  to 
96  c.  c.  of  grain  alcohol. 

A  small  quantity  of  the  acid  solution  is  placed  in  a  porcelain  dish, 
and  the  pohshed  surface  of  the  prepared  specimen  immersed  for 
about  10  seconds,  the  specimen  being  agitated  to  prevent  adhesion 
of  gas  to  the  surface,  it  is  then  removed  and  wasned  thoroughly,  in 
running  water  or  in  alcohol  and  quickly  dried  either  by  a  soft  cloth 
or  by  a  blast  of  air.     Examination  under  the  microscope  will  deter- 
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mine  whether  the  etching  has  been  carried  far  enough.  The  time 
of  etching  will  vary,  depending  on  the  hardness  of  the  steel,  and 
therefore  the  period  must  be  learned  by  experience. 

A  5  per  cent  alcohoUc  solution  of  picric  acid  is  sometimes  used  for 
a  reagent,  and  on  low  carbon  soft  steels  it  gives  practically  the  same 
indications  as  the  alcoholic  nitric  acid.  Its  use  on  hardened  or 
tempered  steels  is  not  recommended. 

Sodium  picrate  is  used  to  distinguish  between  ferrite  and  cemen- 
tite.  This  solution  is  made  by  dissolving  2  grams  of  nicric  acid  in 
98  c.  c.  of  a  solution  of  250  grams  of  caustic  soda  (NaOH)  dissolved 
in  750  c.  c.  of  water.  The  poUshed  specimen  is  immersed  in  the 
boiling  solution  for  5  to  10  mmutes,  when  the  cementite,  if  present, 
assumes  a  blacldsh  coloration.  Ferrite  remains  bright  when  boiled 
in  sodium  picrate  solution. 

If  a  permanent  record  is  desired,  photo-micrographs  are  made;  the 
magnincation  being  always  marked  on  the  print.  It  will  be  f oimd 
that  polished  surfaces  will  oxidize  if  exposed  to  the  air  or  to  moisture. 
Specimens  should  be  washed  in  alcohol  and  stored  in  air-tight  boxes. 

For  the  examination  of  large  pieces  of  metal,  such  as  guns,  etc.,  it 
will  be  sufficient  to  polish  spots  about  the  size  of  a  50-cent  piece. 
This  can  be  done  with  any  of  the  portable  outfits  now  on  the  market 
or  may  be  done  by  hand. 

The  study  of  tne  following  books  is  recommended  to  supplement 
the  information  contained  herein:  Sauveur's  ** Metallography  of 
Iron&  Steer^;  Desch,  '* Metallography**;  Osmond  &  Stead,  *  lificro- 
scopic  Analysis  of  Metals'* ;  Howe,    Iron,  Steel,  and  Other  Alloys." 

In  conclusion  it  may  be  stated  that  there  is  a  tendency  to  over- 
rate the  application  oi  metallography.  ^  Used  in  connection  with  the 
physical  tests  and  chemical  analyses  it  furnishes  valuable  supple- 
mentary data.  The  inspector  is  warned  to  be  conservative  in  his 
conclusions,  at  least  until  he  has  acquired  sufficient  experience  in 
the  examination  of  steels  to  make  his  conclusions  agree  with  the 
facts. 

It  will  be  found  that  by  the  examination  of  specimens  whose  heat 
treatment  is  definitely  known,  the  inspector  will  soon  acquire  a  fimd 
of  valuable  information  which  will  enable  him  to  diagnose  an  un- 
known steel  correctly.  Defective  metal  should  be  examined  and  its 
characteristics  noted  whenever  and  wherever  it  is  found. 
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nrVESTIGATIOH  OF  DEOXIDIZEKS  OF  STEEL. 

On  January  31,  1914,  Mr.  H.  M.  Boylston,  of  Cambridge,  Mass., 
applied  for  permission  to  carry  out  at  Watertown  Arsenal  a  portion 
of  the  work  in  connection  with  a  research  on  ''The  relative  merits 
of  various  agents  for  the  deoxidization  of  steel,"  and  requested  that 
arrangement  be  made  for  the  cooperation  with  him  of  the  authorities 
of  the  arsenal.  It  was  obvious  that  the  subject  of  the  research  was 
of  prime  importance  to  the  Ordnance  Department  as  affectins  its 
foundry  practice,  and  the  Chief  of  Ordnance  authorized  the  work  to 
be  done. 

A  large  portion  of  the  work  in  connection  with  this  research  was 
carried  out  at  this  arsenal  during  this  fiscal  year,  and  Mr.  Boylston 
has  submitted  a  report  of  progr^s  which  is  inserted  herein  as  being  of 
interest  and  value. 

INVBSTiaATION  OF  THE  RELATIVE  HEBITS  OF  VABIOX7S  AGSKTS 

FOB  THE  DEOXIDATION  OF  STEEL. 

Few  problems  in  the  steel  industry  have  been  investigated  more 
than  the  question  of  making  sound  ingots  or  castings,  and  the  means 
of  preventing  blowholes  has  been  the  subject  of  much  study  in  this 
connection.  Whether  made  by  the  crucible,  the  Bessemer,  or  the 
open-hearth  process,  steel  when  cast  has  always  contained  blowholes 
to  some  extent.  Various  devices  have  been  used  and  numerous 
kinds  of  "physic"  added  to  prevent  the  occurrence  of  these  cavities, 
which  exist  sometimes  near  tne  surface  and  sometimes  near  the  center 
of  the  cast  metal,  rendering  it  in  most  cases  of  little  value  for  castings 
and  for  large  ingots  except  where  the  carbon  content  is  quite  low. 
The  cause  of  these  cavities  has  generally  been  associated  in  most 
minds  with  oxides  of  iron  and  of  other  elements,  and  materials  used 
for  their  prevention  have  therefore  come  to  be  known  as  deoxidizers. 

In  a  later  report  the  author  will  include  a  digest  of  previous  work 
done  along  this  line,  the  results  of  which  have  been  published.  Most 
of  it  has  been  done  in  a  haphazard  fashion,  although  several  valuable 
papers  have  been  based  on  scientific  research.  Tnese  are  compara- 
tively recent,  however,  and  refer  rather  to  the  chemical  analysis  of  the 
f;ases  existing  in  molten  steel  than  to  any  attempt  to  find  a  remedy 
or  preventing  the  formation  of  blowholes. 

Most  researches  also  have  compared  ordinary  steel  (made  with 
manganese  additions,  either  with  or  without -silicon)  with  similar 
steel  to  which  aluminum  has  been  added.  Other  researches  have 
compared  similar  steel  with  steel  to  which  titanium  has  been  added, 
etc. 

It  seemed  desirable,  therefore,  to  compare  directly  the  effect  of  the 
more  ordinary  so-called  deoxidizers  in  order  to  furnish  a  scientific 
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basis;  first  for  detailed  experiment  in  any  particular  case,  and  second 
for  a  rough  approximation  of  the  relative  merits  of  different  agents. 
The  fact  that  all  of  the  substances  used  for  this  purpose  have  a  great 
affinitv  for  oxygen  is  another  piece  of  evidence  showing  that  most 
metallurgists  have  recognized  the  influence  of  oxygen  on  blowhole 
formation. 

The  author  realizes  that  the  terms  deoxidizer  and  deoxidation  may 
be  open  to  criticism.  The  terms  soUdifier  and  degasifier  have  sug- 
gested themselves,  but  although  substances  other  than  oxygen 
probably  play  considerable  part  in  the  formation  of  blowholes,  he 
oelieves  that  the  term  deoxiqation  is  so  well  established  in  its  special 
meaning  that  it  forms  the  best  word  to  use  in  the  subject  of  this 
research. 

OBJECT. 

The  principal  aim  of  this  research  is  to  ascertain  the  effect  of  the 
various  commercial  deoxidizers  in  rendering  steel  soimd  (especially 
as  regards  blowholes)  and  in  removing  oxides  of  iron.  The  prevention 
of  piping  is  not  considered  here  except  incidentally,  since  this  defect 
can  generally  be  prevented  by  physical  means,  such  as  keeping  hot 
the  top  of  the  ingot,  fluid  compression,  etc.  It  should  of  course  bo 
borne  in  mind  that  a  reagent  may  render  an  ingot  or  casting  per- 
fectly sound  as  regards  blowholes  while  adding  material  in  the  way 
of  by-products  of  deoxidation  which  would  affect  the  physical  prop- 
erties of  the  metal.  Hence  the  physical  properties  will  be  taken  into 
account  in  this  research. 

CHOICE   OF   STEEL-MAKING   PROCESS. 

A  Tropenas  2-ton  converter  was  available  for  this  work,  and  it  was 
not  easy  to  make  arrangements  for  the  use  of  any  other  type  of  fur- 
nace. The  choice  was  therefore  principally  a  practical  one,  for 
although  a  greater  tonnage  of  open-hearth  steel  is  made  the  Bessemer 
is  the  one  which  rives  the  most  highly  oxidized  product,  perhaps, 
of  any  of  the  usu^  processes,  so  that  by  exaggerating  the  oxidizmg 
conditions  by  the  use  of  this  method,  as  well  as  by  overblowing  the 
metal,  one  is  placed  in  a  position  where  deoxidizing  conditions  can  be 
studied  more  effectively.  It  should  not  be  inferred,  therefore,  that 
the  results  obtained  in  these  experiments  should  be  directly  applicable 
in  detail  to  all  methods  of  steel  making,  especially  in  regard  to  the 
proportion  of  deoxidizer  added,  but  the  author  hopes  that  the  results 
will  point  the  way  to  similar  work  with  other  steel  processes,  notably 
the  basic  opei>  hearth,  which  produces  the  largest  tonnage  of  any, 
at  least  in  the  United  States. 

GENERAL  PLAN. 

It  was  decided  that  the  effect  of  the  various  deoxidizers  on  raw 
converter  metal  should  first  be  determined  in  order  to  select  the 
proportion  of  each  to  be  used  for  comparison  with  each  other  in  the 
making  of  actual  steel.  Much  thought  was  given  to  the  selection  of 
the  proportions  to  be  added.  Where  obtainable  the  advice  of  the 
manufacturer  of  the  deoxidizer  was  followed  fairly  closely,  and  in  all 
cases  the  advice  of  numerous  well-known  metallurgists  and  steel  men 
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was  used.  It  was  finally  decided  to  cast  72  ingots  of  raw  metal  (from 
the  Tropenas  converter)  to  which  the  various  proportions  of  the 
different  deoxidizers  were  to  be  added.  Four  proportions  of  each 
were  used  and  the  in^ts  were  made  in  triplicate,  the  object  being 
merely  to  determine  which  of  the  four  gave  the  soundest  in^t  as  meas- 
ured by  the  density  and  the  appearance  of  a  section.  Vertical  sections 
would  have  been  more  valuable  than  transverse,  but  the  cost  made 
this  impracticable.  The  second  experiment  included  15  ingots  of 
conmiercial  steel  froni  one  heat,  to  wnich  were  added  the  proportions 
of  each  deoxidizer  which  were  found  to  give  the  best  results  in  experi- 
ment 1.  The  ingots  in  experiment  2  were  subjected  to  a  more  com- 
plete examination,  tests  being  made  for  density,  porosity,  tenacity, 
ductility,  etc.,  from  both  cast  and  forged  metal  idTter  heat  treatment. 
All  ingots  were  cast  in  the  steel  foundry  at  Watertown  Arsenal 
under  works  conditions. 

DETAILS  OF  PROCEDURE. 

The  first  plans  called  for  the  use  of  steel  (as  opposed  to  raw  converter 
metal)  for  experiment  1,  and  the  plan  was  to  add  washed  metal  to 
bring  up  the  carbon  content. 

Several  preliminary  experiments  were  therefore  made  to  find  out 
what  deoxidizing  or  sohdif ying  effect  the  washed  metal  itself  might 
have,  so  that  it  could  be  decided  in  which  order  the  deoxidizer  and  the 
recarburizer  should  be  added.  Some  12  ingots  weighing  about  150 
pounds  each  were  poured,  two  of  these  being  (1)  raw  converter  metal, 
and  the  other  10  having  added  to  them  (2)  aluminum  only,  (3)  washed 
metfid  only,  (4)  aliminum  and  then  washed  metal,  (5)  washed  metal 
and  then  aluminum.  In  most  cases  more  than  one  ingot  was  made 
with  a  given  addition. 

In  figures  1  to  4,  inclusive,  are  shown  photographs  in  vertical 
section,  about  one-half  natural  size,  of  ingots  representing  the  first 
four  of  these  classes  after  cropping  25  per  cent  of  their  length,  and  in 
figures  5  to  8  inclusive,  are  shown  photographs,  about  full  size,  of  the 
same  ingots  in  transverse  section  at  the  pomt  of  cropping. 

The  (£emical  analysis  for  carbon  in  these  ingots  is  given  below. 

Table  1. — Carbon  content  of  preliminary  ingots. 


^  inust^tion.         „r^«SJ. 


1  Figures  land  5...'  0.184 

2  Figures  2  and  6...!  .170 

3  Figures  3 and  7...;  .33 

4  Figures  4  and  8...  .314 


It  is  interesting  to  note  the  comparative  sohdity  of  the  raw  con- 
verter metal  cast  without  additions,  figures  1  and  5,  but  it  must  be 
remembered  that  this  metal  contained  about  0.184  per  cent  carbon, 
and  could  therefore  hardly  have  been  overblown  as  much  as  was  in- 
tended. This  is  checked  by  the  casting  notes,  which  state  that  metal 
was  very  slightly  overblown.  The  additions  of  aluminum,  either 
alone  or  with  washed  metal  added  later,  figures  2  and  6,  4  and  8. 
produced  a  deep  pipe  but  no  blow  holes,  whereas  when  washed  metal 
alone  was  added  an  extremely  spongy  ingot  was  produced. 


V  CONVERTER  METAU     VERTICAL  SECTfON. 


I   CONVERTER   METAL  WITH   0.05   PER   CENT   k 


FIG.  *.— RAW  CONVERTER  METAL  WITH  0.05  PER  CENT  Al  AND  ABOUT  18 
POUNDS  WASHED   METAL  CONTAINING   3.46  PER  CENT  C.     VERTICAL 


V  CONVERTER   METAL. 


—RAW  CONVERTER  METAL' 


FIG.    7— RAW    CON' 


It  cropping  point. 


FIG,  e.— RAW  CONVERTER  METAL  WITH  0,05  PER  CENT 
Al  AND  ABOUT  IB  POUNDS  WASH  ED  METAL  CONTAIN- 
ING 3.46  PER  CENT  C. 
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Class  5  is  represented  by  figures  9  and  10.  This  ingot  is  fairly  sound, 
but  chemicd  analysis  snowed  a  carbon  content  of  1.35  per  cent. 
The  reason  for  such  high  carbon  is  unknown,  but  it  doubtless  accounts 
for  the  relative  soundness.  Several  chemical  analyses  were  made  in 
various  parts  of  the  ingots  and  all  the  results  showed  oyer  0.90  per 
cent  carbon.  Microscopical  examination  from  a  section  of  this 
ingot  representing  metal  from  the  center  to  the  outside  about  half 
way  down  the  ingot  confirms  the  chemical  analysis,  the  carbon  being 
about  1.30  per  cent  in  most  places,  and  over  0.90  per  cent  at  every 
point.  The  only  reasonable  explanation  for  this  peculiar  result  is 
that  there  was  some  mistake  made  in  weighing  the  additions. 

Tlie  preliminary  ingots  suggest  that  it  mignt  be  well  to  make  an 
experiment  with  commercid^  steel,  adding  the  deoxidizers  before 
making  the  usual  additions  of  carbon,  manganese,  and  silicon,  but  this 
was  omitted  from  the  present  research. 

It  was  finally  decided  to  perform  experiment  1  with  raw  metal 
instead  of  recarburized  metal  so  that  a  direct  measure  might  be 
obtained  of  the  deoxidizing  and  solidifying  effect  of  the  additions 
Tinder  test. 

Proportion  of  ferro-carhon  titanium. — ^In  order  to  determine  what 
should  be  the  largest  proportion  of  f  erro-carbon  titaniiun  to  be  added 
and  whether  the  additions  should  be  preheated,  three  preliminary 
ingots  were  poured,  the  first  being  plain  converter  metal  to  check  the 

{>revious  results,  the  second  containing  about  4  pounds  of  15  per  cent 
erro-carbon  titanium  added  in  very  small  pieces  but  not  preheated, 
while  to  the  third  was  added  the  same  amount  of  15  per  cent  f  erro- 
carbon  titanium  which  had  been  preheated  to  redness  using  a  smoky 
oil  flame.  The  intention  wajs  to  add  0.3  per  cent  metalhc  titanium. 
Ingot  No.  1  checked  the  previous  results  with  plain  converter  metal 
very  closely.  In  ingot  iJo.  2  there  was  a  considerable  Quantity  of 
frozen  material  left  m  the  hand  ladle,  and  in  both  ingots  Nos.  2  and 
3  most  of  the  ferro-car^on  titanium  floated  to  the  top  and  was  not 
absorbed.  This  was  verified  by  microscopic  examination.  It  was 
decided  to  use  0.1  per  cent  titanium  in  the  form  of  the  15  per  cent 
alloy  as  the  maximum,  and  that  with  ttus  smaller  amount  it  need  not 
be  preheated.  It  should  be  added  here  that  most  of  the  published 
results  where  titanuim  has  been  used  in  steel  mention  0.1  per  cent 
titanium  or  less  as  the  addition.  The  amount  recommendea  by  the 
manufacturers  for  commercial  use  is  also  0. 1  per  cent  Ti. 

EXPBBIMENT  1. 

The  steel  was  cast  in  three  heats,  24  ingots  to  a  heat. 

The  converter  metal,  after  being  somewhat  overblown,  was  slaved 
off  and  poured  into  preheated  clay-lined  crucibles,  which  servecT  as 
hand  ladles.  The  additions  had^  been  carefully  weighed  out  pre- 
viously to  the  nearest  half  oimce  in  paper  bags. 

Molds. — ^These  were  of  sand  carefuUy  baked  and  arranged  in  two 
large  flasks  for  convenience.  The  dimensions  of  the  molds  were 
su^  as  to  accommodate  an  ingot  20  inches  long  by  6  inches  in  diam- 
eter. The  molds  were  made  by  skilled  molaers  according  to  the 
usual  work's  practice  at  the  arsenal. 

Casting. — Cupola  metal  in  sufficient  quantity  was  blown,  slagged 
off,  and  poured  by  the  men  employed  for  this  purpose  at  the  arsenal, 
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and  a  large  squad  was  used  in  order  to  handle  the  ladles  ra{)idly. 
The  steel  was  poured  from  the  large  ladle  into  the  hand  ladles  by  tilting 
and  the  proper  amount  of  metal  was  ascertained  by  filling  tne  ladle 
to  a  certain  mark  made  previously.  The  endeavor  was  to  have  the 
ingots  all  of  the  same  size  as  near  as  possible.  On  account  of  the 
small  size  of  ingot,  it  was  foimd  impracticable  to  weigh  the  metal 
each  time  for  fear  of  sculling.  The  deoxidizers  were  all  weighed  and 
added  to  the  metal  by  the  author. 

Table  2  gives  the  records  of  the  heats.  It  was  attempted  to  hold 
the  metal  in  the  crucible  for  two  minutes  after  making  the  addition, 
but  it  was  soon  found  that  this  was  impracticable  and  it  will  be  seen 
from  the  table  that  most  of  the  castings  were  held  from  one-half  to 
one  minute  after  the  additions  were  made. 


Table  2. — Heat  records  in  experimerU  J. 


Ingot 
No. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


Time  Into  h&nd 
ladle. 


11.28a.  m... 


11.29  a.  m. 

11.33  a.m. 

11.34  a.m. 
11.37  a.m. 
11.39  a.m. 
11.42  a.m. 


11.44  a.m. 
11.47  a.  m. 


11.50  a.  m. 
ii.fi2a.  m. 


11.54a.  m. 
11.54  a.m. 
11.57  a.  m. 
11.57  a.m. 
11.59  a.m. 
12.00  m.... 
12.02  p.  m. 


1.30  p.  m. 


1.31  p.  m. 
1.31  p.  m. 
1.31  p.  m. 
1.33  p.  m. 


1.35  p.  m. 


1.39  p.  m. 


1.42  p.  m. 


Held  in  mold. 

do 

do 

do 

do 

do 


Time  of 

hdldlne 

In  hand 

ladle. 


1    23 


1    30 

1  27 

2  03 


1 
1 
1 


08 
02 
03 
59 
48 
48 
45 
46 
51 
45 
47 
49 
55 
50 
37 
30 
29 
33 
25 


46 


47 
58 
45 

1  8 
48 
45 
46 
55 

1  15 

1  30 
48 
47 
48 
43 
48 
45 

3  02 


Temper- 
ature of 
pouring. 


1,560 


1,375 
1,388 
1,375 
1,375 
1,382 
1,365 
1,365 
1,355 
1,365 
1,365 
1,355 
1,340 
1,340 
1,340 
1,330 
1,840 
1,330 
1,340 
1,330 
1,830 
1,330 
1,330 


1,355 


1,355 
1,355 
1,355 
1,355 
1,855 
1,355 
1,355 
1,355 
1,365 
1,365 
1,340 
1,340 
1,340 
1,330 
1,330 
1,330 
1,330 
1,330 
1,330 
1,330 
1,330 
1,330 
1,330 


Remarks. 


First  blow  (heat  A):  31own  at 
11.07.35,  overblown  at  11.07.48, 
down  at  11.06,  into  ladle  11.10.50, 
scull  removed  11.34.40,  began 
pouring  11.36.30.  chemist's  cup 
sample  taken  ll.i9.4a 


34  minutes  to  cast  23  ingots. 

Lost;  tooocdd. 

Second  blow  (heat  B)*  Blown  at  1.20, 

into  ladle  1.23.30.  sculled  1.26.20, 

began  pouring  1.2& 


Spilled. 


Scull  on  top  of  hand  ladle. 


12  minutes  to  cast  15  ingots. 


Et  cropping  point 
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Table  2. — Heat  records  in  experiment  1 — Continued. 


Ingot 
No. 


49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

64 
65 
06 
67 
68 
09 
70 
71 
72 


Time  Into  hand 
ladle. 


2.28  p.  m. 


2.30  p.  m. 
2.32*  p.  m. 


2.33  p.  m. 
2.34*  p.  m. 


2.39  p.  m. 
2.41  p.  m. 


Held  in  mold. 

do 

do 

do 


Time  of 

holding 

in  hand 

ladle. 


Temper- 
ature of 
pouring. 


m,   a, 
43 


63 
48 
44 

43 
43 
46 
45 
47 
14 
45 
48 
47 
46 
5 

48 
44 

45 
43 
48 


1,330 


1,340 
1,335 
1,335 
1,340 
1,330 
1,335 
1,340 
1,840 
1,340 
1,340 
1,340 
1,350 
1,350 
1,340 

1,340 
1,330 
1,330 
1,350 
1,350 
1,340 
1,325 
1,340 
1,340 


Remarks. 


Third  blow  (beat  C):  Blown  at 
2.19.40,  overblown  at  2.20.04,  down 
at  2.20.30,  into  ladle  2.22.30,  scoU 
removed  2.26.10,  began  pouring 
2.27.40. 


Hand  ladle  dropped. 


13  minutes  to  cast  15  ingots. 
Sputtered  in   hand  ladle;  refilled 
after  1  minute  10  seconds. 


The  temperatures  were  taken  with  a  Holbom-Kurlbauin  optical 
pyrometer  by  an  experienced  operator. 

Table  3  gives  the  chemical  analysis  of  the  various  deoxidizers  used. 
Ferromagnesium  and  f errovanadium  were  considered  when  planning 
the  experiment,  but  the  former  is  so  expensive  as  to  be  limited  to 
very  high-grade  steels,  and  ferro-vanadium  is  also  expensive  and  is 
not  now  advocated  as  a  deoxidizer  by  the  principal  manufacturers, 
who  state  that,  although  f errovanadium  has  some  deoxidizing  power, 
their  instructions  to  users  call  for  its  addition  under  conditions  where 
it  can  not  easily  be  oxidized,  basing  their  claim  to  advantage  on  its 
effect  on  the  physical  properties,  thus  making  what  is  practically 
an  alloy  steel,  altho^h  the  proportions  of  vanadium  used  are  gen- 
eraUy  very  small.    Tnese  two  materials  were  therefore  omitted. 

Table  3. — Chemical  analysis  of  deoxidizers. 


Deoxidizer. 

C. 

Mn. 

SL 

S. 

P. 

Al. 

Ti. 

Fe. 

T*<^rroinftng«nflw.      .... 

Peret. 

6.55 

.16 

5.92 

Per  a. 
79.65 

Peret, 

0.908 

56.0 

2.10 

1.30 

.87 

Peret. 
0.024 

Peret. 
0.185 

Peret, 

Peret. 

Peret. 

Ferrosilioon 

Ferrocarbon-titanium 

Carbonfree  ferrotitanium 

None. 

7.61 

199.08 

14.32 
24.0 

"6.05* 

Ainrnfnum , 

1  By  difTerence. 


Proportions  of  deoxidizers  used. — In  Table  4  are  riven  the  records 
of  the  various  proportions  of  deoxidizers  used.  It  will  be  noted 
that  in  the  case  of  aluminum ,  additions  were  made  in  the  mold  in 
some  cases  as  well  as  in  the  ladle. 


270 


DEOXIDATION  OF  STEEL. 


Table  4. — Proportkms  ofdeoxidizen. 

HEAT  A. 


49 
60 
51 
52 
53 
54 
56 
50 
67 
68 
60 
60 
61 
62 
63 
64 


HEAT  B. 


HEAT  C. 


0.03  per  cent  Ti.. 
0.045  per  cent  TI. 
0.06  per  cent  Ti.. 
0.10  per  cent  Tl.. 
0.01  per  cent  Ti.. 
0.02  per  cent  Ti.. 
0.03  per  cent  Ti . . 
0.10  per  cent  Ti.. 
0.20  per  cent  Si. . 
0.30 per  cent  Si... 
0.40  per  cent  Si... 
0.50  per  cent  Si.., 
0.50  per  cent  Mn . 
0.75  per  cent  Mn. 
1.00 per  cent  Mn. 
1.25  per  cent  Mn. 


16  per  cent  ferro-carbon-titn- 
nium. 


25  per  cent  carbon-free  f erro- 
titanium,  pea  sice. 


50  per  cent  ferro-silicon . 


'80  per  cent  ferro^manganese. . 


5.4 

8.1 

10.7 

17.9 

1.1 

2.2 

3.2 

10.7 

9.2 

13.7 

18. 3 

22.9 

16.1 

24.1 

32.2 

4a2 


6J 

8 

m 

18 

1 

2 
8 

§ 

23 
16 
34 
33 
40 


Ingot 

Additions. 

Additions  in  fbrm  of— 

Weight  of  deozidizer. 

Galea- 
lated. 

Weighed. 

Per  ton 
calcolated. 

1 

3 

3 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1 
}o.03  per  cent  Ti j 

|o.045  per  cent  Ti 

}o.06  per  cent  Ti 

jo.10  per  cent  Ti 

JO.01  per  cent  Ti 

|o.02  per  cent  Ti 

|o.03  per  cent  Ti 

jo.10  per  cent  Ti 

}0.20  per  cent  Si 

15  percent  ferro^^arbon-titar 
nium. 

25  per  cent  carbon-free  f erro- 
titanium,  pea  size. 

50  per  cent  ferro-sUicon 

Ouneet. 
5.4 

8.1 

10.7 

17.9 

1.1 

2.2 

3.2 

10.7 

9.2 

13.7 

18.3 

22.0 

Ottfien. 
5} 
8 

lOJ 

18 
1 
2 
3 

lOi 
9 

13* 

m 

23 

1 
Otmeet.    ', 

62.5 
100 
131 
225 

12L5 

25 

37.5 
131 
113 

M).30  percent  Si 

160 

0.40  percent  Si 

231 

0.50 percent  Si 

288 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

jo.SO  per  cent  Mn 

|o.75  per  cent  Mn 

ll.OO  per  cent  Mn 

|l.25  per  cent  Mn 

|o.05  per  cent  Al 

0.10  per  cent  Al. 

0.20  per  cent  Al 

|o.30  per  cent  Al 

|o.05  per  cent  Al 

jo.  10  per  cent  A 1 

>0.20  per  cent  Al 

|o.30  per  cent  Al 

80  per  cent  ferro-manganese.. 

,94-98  per  cent  granulated 
alununum. 

,94-08  per  cent  granulated 
aluminum. 

16.1 

24.1 

32.2 

4a  2 

1.3 

2.6 

5.2 

7.8 

1,3 

2.6 

6^2 

7.8 

16 
24 
32 
40 

li 
2J 

5 

8 

u 

21 

5 
8 

200 

300 

400 

500 

19 

31 

63 

100 

19 

31 

63 

100 

6Z5 
100 
131 
225 

1Z5 

25 

37.6 
131 
113 
160 
2S1 


300 
300 
400 
500 


deoxidahon  of  steeu 
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Table  4. — Proportions  of  deoxidizers — Continued. 

HEAT  C— Continued. 


Ingot 

Additions. 

Additions  in  form  of— 

Weight  of  deoxidizer. 

Calcu- 
lated.' 

Weighed. 

Per  ton 
calculated. 

65 
66 
67 
68 
69 
70 
71 
72 

0.05  per  cent  AI 

0.10  per  cent  Al 

0.20  per  cent  Al 

0.30  per  cent  AI 

0.05  per  cent  Al 

0.10  percent  Al 

0.20  per  cent  Al 

0.30  per  cent  Al 

Ouneet. 

(         1.3 

j94-98  per  cent  granulated             2.6 

aluminum.                                    5. 2 

7.8 

(           1.3 

,94-48  per  cent  granulated             2.6 

alununum.                                     5.2 

7.8 

Ounce*. 

8 

l\ 

6 

8 

Ounces, 
19 
31 
63 

100 
19 
31 
63 

100 

Note  to  Table  4.— In  column  2  are  given  the  additions  as  calculated  in  percentages  of  the  deoxidizing 
element  (Ti,  Al,  Mn,  etc.).  In  column  4  these  percentages  have  been  calculated  in  weights  of  the  actuu 
deoxidizer,  using  the  actual  chemical  analyses  nven  in  Table  3;  while  column  5  gives  the  weights  of  deoxi- 
dizer actually  used.  The  scales  used  in  weighing  were  accurate  to  one-half  ounce.  In  the  sixth  column 
are  given  the  weights  of  deoxidizer  calculatea  in  ounces  per  ton  {from  column  5)  for  the  sake  of  comparison 
with  large-scale  experiments. 

In  heats  A  and  B  it  will  be  noted  that  there  are  duplicate  ingots  for  each  addition  poured  in  succession. 
All  additions  were  made  in  the  hand  ladle  except  in  the  case  of  ingot841  to  48.  inclusive,  and  69  to  72,  inclusive 
(aluminum),  where  the  additions  were  made  In  the  mold .  The  hand  ladles  and  the  ferro-manganese  were 
preheated,  tne  latter  in  a  reducbig  flame  to  prevent  premature  oxidation.  It  was  thought  that  if  the  ferro- 
manganese  was  not  preheated  it  would  tend  to  freeze  the  metal. 

It  should  be  borne  in  mind  in  interpreting  the  results  of  this  experiment  that  the  ferro-carbon-titanium 
contains  about  2  per  cent  of  silicon,  and  the  carbon-free  ferro-titanium  about  1.3  per  cent  silicon  and  7.6 
per  cent  aluminum.  (See  Table  3.)  The  castings  were  divided  into  three  heats  because  of  the  mechan ical 
difficultv  of  pouring  more  than  21  ingots  ftom  one  heat  (limited  to  about  5^000  pounds  each).  The  arrange- 
ment of  ingots  was  made  to  neutralize  as  far  as  possible  any  eiror  due  to  difference  in  temperature  or  carbon 
content  of  the  raw  metal  in  the  different  heats. 

Chemical  analysis, — ^The  expense  of  making  complete  chemical 
analyses  of  all  the  ingots  in  experiment  1  was  prohibitive,  but  in 
Table  5  are  shown  analyses  for  carbon  in  ingots  10.  41,  and  53,  these 
being  representative  ingots  from  those  series  in  wnich  the  additions 
contained  no  carbon.  In  this  table  also  are  given  the  chemical  analy- 
ses of  representative  ingots  from  heat  C,  showing  the  loss  of  deoxidiz- 
ing element  in  the  respective  cases.  It  is  noteworthy  that  no  tita- 
nium was  found  either  in  the  case  of  ferro-carbon-titanium  or  of  car- 
bonless f erro-titaniiun.  The  ingots  analyzed  were  chosen  from  those 
containing  the  proportions  of  deoxidizer  giving  the  densest  ingot  and 
hence  selected  for  experiment  2. 

Table  5. — Chemical  arialyses  of  selected  ingots  from  experiment  1. 


Approximate  percentage  deoxidizer 
added. 


0.01  Ti 

0.06  AI 

0.01  Ti 

O.lOTiasFe-OTi 
O.lOTlasFe-Ti... 

0.4081 

0.60  Mn 

0.20  Al 


Heat 
No. 

C. 

Mn. 

Si. 

Ti. 

Al. 

A 
B 
C 
C 

c 

C 

C 
C 

Per  a. 
0.030 
0.043 
0.040 
0.100 
0.091 

0.061 

0.114 
i  0.107 

Per  a. 

Perct, 

Peret. 

Perct. 

None. 
None. 

V 

0.40 
0.02 

/  0.424 
\  0.415 

/ 

0.055 

0.028 

Note  to  Table  5.— In  both  ingots  where  titanium  was  added  all  of  it  was  lost.  In  ingot  61,  where 
manganese  was  added,  and  allowing  for  the  mnaganese  in  the  converter  metal  (see  analvsis  of  ingot  67,  to 
whidi  only  aluminum  was  added),  there  was  a  loss  of  about  0.12  per  cent  Mn,  or  about  one-fourth  of  the 
manganese  added,  while  in  ingot  59,  allowing  for  the  sUioon  in  the  converter  metal  (see  ingot  67),  there  was 
a  very  slight  loss  of  silicon,  and  in  ingot  67  more  than  four-fifths  of  the  aluminum  was  lost.  It  is  difficult 
to  explain  why  ingots  56, 59,  and  67  analyze  from  twice  to  three  times  as  high  in  carbon  as  the  raw  converter 
metal,  unless  the  aluminum  and  carbonless  ferro-titanium  did  actually  contain  considerable  carbon.  The 
ferro-silicon  used  analyzed  about 0.16  percent  carbon,  which  is  too  small  to  account  lor  the  increase  in  cu'bon 
in  this  case. 
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Rdaiwe  density, — ^The  relative  density  of  every  ingot  in  experiment 
1  was  determined  by  the  displacement  method. 

Formvla  for  rdative  density, — ^The  derivation  of  the  formula  for 
relative  density  is  as  follows,  the  letters  being  also  used  in  Table  6: 


T  = 
Wl  = 

W2  = 

1  = 

W2-fI  = 

W1-W2  =  W3  = 


weight  of  empty  tank =27.22  pounds. 

weight   of   (tank -f  water  up   to  mark)  =  106.60  to 

106.84  pounds  on  various  days, 
weight  01  (tank + water  to  bring  up  to  mark)  with 

in^ot  in  tank, 
weight  of  ingot  in  air. 

weight  of  (tank  -f  water  to  mark  -f  ingot), 
weight  of  water  displaced  by  ingot. 


The  voliune  of  W3  is  assumed  as  equal  to  the  volume  of  the  ingot. 
The  same  water  was  used  for  all  weighings  and,  since  relative  density 
rather  than  the  precise  speciJBc  gravity  was  sought,  the  specific  gravity 
of  the  water  was  not  determined.  The  difference  in  temperature  of 
the  water  proved  to  be  a  negligible  factor,  the  temperature  varying 
not  more  tnan  5*^  C.  at  a  temperature  about  20°  C.  In  tiie  worst  case 
the  error  amounted  to  only  0.1  per  cent  of  the  weight  of  water  dis- 
placed by  the  ingot,  this  being  equal  to  about  0.01  pound,  or  about 
one-sixth  of  the  maximum  error  possible  in  weighing. 


=5  =  relative  density  of  ingot. 


Table  6  gives  the  weights  of  the  ingots  with  their  relative  deiisities, 
the  proportions  of  the  deoxidizers  used,  and  the  average  relative 
density  of  the  three  ingots  containing  like  proportions  of  the  same 
deoxidizer. 

Table  6. — Demity  of  ingots  in  experiment  1. 


Ingot 
No. 


1 
2 

49 
3 
4 

60 

5 

6 

51 

7 

8 

52 

0 

10 

53 

11 

12 

54 

13 

14 

55 

15 

16 

56 

17 

IR 

57 


Addition. 


0.03  per  cent  Ti-€.. 
0.045  per  cent  Ti-C. 
X).06  per  cent  Ti-C.. 


4).10  per  cent  Ti-C. 
>0.01  percent  Tl... 


-0.02  per  cent  Ti. 
■0.08  per  cent  Ti. 
0.10  per  cent  Ti. 
0.20  per  cent  Si. 


Heat 
No. 


A 
A 
C 
A 
A 
C 
A 
A 
C 
A 
A 
C 
A 
A 
C 
A 
A 


Weight  of 
ingots. 


Pwtndt. 

05.94 
104.25 

08.44 
104.84 

98.31 
104.11 
101.13 
101.38 
110. 19 
105.56 
101.50 
114.92 

95.75 

03.88 
100.06 
101.25 

94.00 


c 

104.08 

A 

98.79 

A 

99.97 

C 

101.00 

A 

115.38 

A 

113.41 

C 

113.81 

A 

113.63 

A 

103.44 

I  c 

77.31 

Relative 
density. 


5.815 
6.632 
6.388 
6.848 
6.355 
6.813 
6.619 
6.600 
7.241 
6.690 
6.599 
7.152 
6.154 
6.069 
6.464 
6.340 
5.980 
6.925 
6.205 
6.372 
6.129 
7.444 
7.031 
7.424 
7.213 
7.341 
7.770 


Averse 
relative 
density. 


6.510 
6.674 
6.823 
6.823 
6.229 
6.387 
6.235 
7.287 
7.348 
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Table  6. — Density  of  ingots  in  experiment  1 — Continued. 


Ingot 

No. 


19 
20 
58 
21 
22 
59 
23 
24 
60 
25 
26 
61 
27 
28 
62 
29 
30 
63 
31 
32 
64 
33 
34 
65 
35 
36 
66 
37 
38 
67 
39 
40 
68 
41 
42 
69 
43 
44 
70 
45 
46 
71 
47 
48 
72 


Addition. 


jicsOperoentSi. 
0.40  per  cent  Si. 
0.50  per  cent  Si. 
0.50  per  cent  Mn 
0.75  per  cent  Mn 
1.00  per  cent  Mn 
1.25  per  cent  Mn 
0.05  per  cent  Al. 
0.10  per  cent  AL 
O.20  per  cent  AI. 
0.30  per  cent  Al. 
0.05  per  cent  Al. 
O.10  per  cent  AI . 
O.20  per  cent  AI. 
0.30  per  cent  Al. 


Heat 
No. 


A 

A 

C 
A 
A 

C 
A 
A 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 
B 
B 
C 


Weight  of 
ingots. 


Pound*. 

90. 3S 

124.50 

116.72 

114.03 

119.50 

120.36 

60.75 

Ingot 

114.44 

88.25 

115.59 

99.06 

112.38 

112.88 

84. 59 

105.94 

110.78 

78.34 

72.88 

95.97 

81.38 

103.5 

113.88 

95.96 

96.55 

106.38 

74.06 

119.60 

123.06 

97.38 

118.08 

116.81 

104.25 

87.66 

54.75 

82.88 

86.78 

79.31 

86.03 

85.34 

62.28 

102.16 

113. 12 

60.72 

08.19 


Relative 
density. 

Average 
relati\'e 
density. 

7.173 

1 

7.950 

7.637 

7.787 

7.700 

7.821 

7.838 

7.993 

7.75 

tcast. 

7.77 

7.79 

7.077 

7.144 

7.145 

7.215 

7.208 

6.934 

6.050 

6.682 

6.875 

6.924 

6.839 

6.719 

6.961 

7.026 

6.971 

6.926 

6.774 

6.914 

6.963 

7.200 

6.724 

6.903 

6.678 

6.346 

7.979 

7.915 

7.935 

7.912 

7.784 

7.715 

7.824 

8.644 

6.417 

7.242 

6.969 

7.309 

6.645 

6.951 

7. 118 

7.757 

6.364 

6.023 

6.806 

8.031 

7.727 

7.324 

7.441 

7.273 

NoTB  TO  Table  6.— A  carioos  relation  exists  between  the  weight  of  the  ingot  and  the  relative  density. 
In  almost  every  case  the  greater  the  weight,  the  greater  the  relative  density.  The  reason  for  the  variation 
in  the  weights  (which  was  intended  to  be  120  pounds  in  every  case  after  cropping)  is  that  some  of  the  metal 
stuck  in  the  hand  ladles  and  could  not  be  poured.  The  smallest  ingot  was  No.  42,  weighing  54.75  pounds 
(cropped).    The  heaviest  ingot  was  No.  20  and  it  weighed  124.50  pounds  (cropped). 

The  density  of  ingot  No.  1  was  Ignored  In  the  average  becaoso  oi  a  large  cavity  in  the  top  of  the  ingot. 

RESULTS. 

It  will  be  seen  that  in  the  majority  of  cases  the  relative  densities 
are  as  constant  as  could  be  expected  with  the  variation  in  pouring 
temperature,  which  could  not  be  entirely  avoided. 

On  the  following  chart  are  plotted  the  average  relative  densities. 
It  will  be  noted  that  for  the  proportions  used  aluminum  added  in  the 
ladle  gives  the  densest  ingots  in  general,  while  the  general  eflBcacy  of 
the  other  deoxidizers  is  in  the  foflowing  order: 

Silicon. 

Aluminum  in  the  mold. 

Carbon-free  ferro-titanium. 

Ferro-manganese. 

Ferro-carbon-titanium. 
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The  curves  cross  each  other  somewhat,  but  the  maximum  of  each 
curve  is  taken  as  the  criterion.  It  will  be  noted  that  the  smallest 
proportion  of  ferro-manganese  gives  the  best  results,  further  addi- 
tions apparently  chilling  the  metal.  The  curve  for  f erro-manganese 
starts  to  rise  again,  however,  for  the  highest  proportion  used,  and 
this  will  bear  further  investigation. 


Pti'  Q%nr   z?€o*;y/; 


£"/ 


Chart  1.  Diagram  showing  relative  density  of  ingots  of  converter 
metal  with  various  deoxidizers  added. 

Ijegend  for  chart. 

Al  — L  =  aluminimi  added  in  ladle. 

Al—M  =  aluminum  added  in  mold. 

Si = f erro-silicon. 

Ti= carbon-free  ferro-titanium. 

Ti-C  =  ferro-carbon  titanium. 

Mn = f  erro-manganese . 

The  scale  of  relative  densities  has  purposely  been  exaggerated  to 
bring  out  more  clearly  the  diflFerence  m  relative  density. 

Photographs. — Photographs  were  taken  of  the  cross  sections  of  the 
cropped  ingots  at  the  point  of  cropping  and  the  results  are  shown  in 
figures  11  to  28.  In  general  they  are  very  consistent  with  the 
rdative  density  figures.  It  will  be  noted  that  aluminum  and  silicon 
produces  a  small  pipe,  but  few  if  any  blow  holes,  except  with  the 
two  lower  proportions  of  deoxidizer;  whereas  both  titanium  alloys 
and  ferro-maneanese  produce  many  blowholes,  but  little  pipe  if  any, 
the  nimiber  of  blowholes  decreasing  as  the  titanium  content  is  raised 


FIG.  11.— INGOTS  1  AND  2  WITH  0.03  PERCENT  Tl,     INGOTS  3  AND  4  WJTH  0.04S 


-INGOTS  5  AND  6  WITH  0.06  PER  CENT  Tl.     INGOTS  7  AND  8  WITH  0.1C 


INGOTS  II  AND  12  WITH 


INGOTS  19  AND  30  WITH 


r  Si.     INGOT  23  WITH 


INGOTS  27  AND 


n  (t  crapping  point.     Addllloi 


FIG.  21,— INGOTS  41   AND  42  WITH  0.05  PER  CENT  Al.     INGOTS  43  A 

WITH  0.10  PER  CENT  Al, 
Tnniverae  isctlon  at  cropping  point     Addition  in  mold. 


FIG.  SZ.— INGOTS  *i  AND  46  WITH  0.20  PER  CENT  Al.     INGOTS  47  AND  48 


FIG.  Z*.— INGOTS  53  TO  56  WITH  O.OI,  0.02 
RESPECTIVELY,  IN  FORM  OF  25  PER 
TITANIUM. 

Tranivene  secllon  at  crc 


Fia.  26.— INGOTS  Gl   TO  64  WITH   0.50.  0.75,   1.00  AND   1.25  PER  CENT  Mn,   AS 
aO  PER  CENT  FERROMANGANESE. 

Tranivsrss  taction  at  croppine  point. 


•  lactlon  >t  cropping  point 
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(especially  with  the  carbon-free  aUoy)    and  increasing  with   the 
manganese  content. 

The  object  of  experiment  1  was  principally  to  determine  the  pro- 
portion of  deoxidizer  to  be  used  in  experiment  2  and  too  much  value 
must  not  be  given  to  the  comparison  of  the  various  deoxidizers  based 
on  this  expenment,  for  it  must  be  remembered  that  the  material  used 
was  raw  converter  metal  and  not  commercial  steel  and  no  physical 
tests  (except  density)  were  made.  Nevertheless  the  conclusion  is 
easily  drawn,  disregarding  other  additions,  and  considering  only  the 

Proportions  of  deoxidizer  used,  that  aluminum  and  silicon  are  notably 
etter  agents  than  the  others  for  increasing  the  density  of  blown 
metal  and  ahnost  equally  effective  when  the  proper  proportions' are 
used,  with  the  preference  slightly  in  favor  of  alummum  (in  the  ladle) . 
Moreover,  the  slight  porositv  of  the  metal  to  which  these  two  deoxi- 
dizers have  been  adaed  is  due  to  a  slight  pipe  rather  than  to  blow- 
holes. Of  course  this  conclusion  does  not  take  into  consideration 
the  effect  of  the  addition  upon  the  physical  properties  of  the  metal 
other  than  density. 

BXPEBIMBirr  2. 

Material  used. — One  heat  of  metal  from  a  Tropenas  converter  was 
used,  the  aim  being  to  obtain  steel  of  the  following  composition: 

Peroelit. 

C 0.40 

Mn 0.50 

Si 0.20 

P 0.06 

S 0.05 

Cupola  metal  of  the  same  analysis  as  used  for  the  heat  of  steel  was 
added  as  a  recarburizer  (see  chemical  analysis  in  Table  8).  Enough 
ferro-manganese  and  ferro-siUcon  of  the  analysis  given  in  Table  8 
were  used  to  bring  the  manganese  and  siUcon  content  up  to  the 
requirements.  The  various  deoiddizers  under  test  were  then  added 
in  the  proportion  (determined  in  experiment  1)  which  gave  the 
soundest  ingots  when  added  to  raw  converter  metal. 

Procedure. — Steel  was  made  in  the  usual  way  by  blowing  cupola 
iron  in  the  Tropenas  converter,  adding  to  it  the  recjuired  amoimt  of 
cupola  metal  for  recarburizing,  and  teeming  the  mixture  into  a  pre- 
heated 2-ton  ladle  in  which  had  been  weighed  the  correct  proportions 
of  ferro-man^anese  and  ferro-siUcon  to  give  the  analysis  desired. 
The  record  of  the  heat  is  given  in  Table  7. 

Table  J.—Detaih  of  heat. 


Heat  No.  4458. 


Weight  (pounds). 


Metal  into  converter 

Weigtit  of  metals  into  converter 

Started  to  blow 

Blow  ended  (7  seconds  overblown). .. 
Weight  of  cupola  metal  added  to  con- 

verter  metal. 

Weight  empty  2-ton  ladle 

Weight  of  T^Un  added  (77.00  per 

cent  Mn). 
Weight  of  Fe-Si  added  (56  per  cent 

Dl). 

Converter  to  2-ton  ladle 

Weight  converter  metal  added 

Weight  steel+additibns 


6,020 


425 

3,061 
45 


5,0»2 
5,560 


Time. 


r2.09. 
12.12. 

2*>1»B30". 
2'»4»»40-. 


3»». 


42461**— 17- 


*?^>. 
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In  Table  8  are  given  chemical  analyses  of  the  raw  materials  and 
of  the  steel  before  the  deo^dizing  additions  were  made.  A  com- 
parison of  the  figures  for  the  ca^ulated  analysb  with  the  actnal 
ajialysis  of  the  steel  will  show  the  losses  of  carbon,  manganese,  and 
siUcon  by  combination  with  the  oxides  in  the  oberblown  steel.  A^ain. 
as  in  experiment  1,  0.17  per  cent  or  one-fonrth  of  the  manganese  and 
a  small  amount  of  the  silicon  have  been  lost. 

Table  8. — Chemiccd  aruUygis  of  raw  material  and  steeL 


Analysis. 


Cupola  iron 

Converter  metal 

Converter  metal+additions  by  csalco- 

latlon :. 

Same,  by  analysis 

Ferro-manganese 

Ferro-silioon 


C. 

Mn. 

Si. 

B. 

P. 

3.40 
0.083 

0.387 
0.37 
6.. 55 
0.16 

0.47 
Trace. 

0.68 

0.51 

77.00 

1.66 
0.016 

0.218 
0.186 

o.in8 

66.0 

0.047 

0.085 

0.0637 

0.067 

O.QM 

0.0401 

0.037 

0.1S5 

The  metal  in  the  2-ton  ladle  was  carried  to  preheated  ladles,  each 
of  the  capacity  of  1,000  pounds,  three  of  these  ladles  being  used. 
These  l^OOO-pouiid  ladles  had  been  placed  on  a  scale  and  weighed, 
and  approximately  1,000  pounds  of  metal  was  teemed  into  each. 

The  first  and  second  1,000-poTmd  ladles  were  used  for  the  fourth 
and  fifth  sets  of  deoxidizers. 

The  arrangement  of  molds  was  approximately  as  shown  in  the 
sketch  below,  in  order  to  facilitate  quick  pouring. 


d 

3 

o 

o 

z 

4f 

o 

o 

6 

6 

/^ 

e 

o 

O 

a 

s 

o 

o 

6 

6 

3  scuce(s    of  /oiZ/e 


LQ^It     9f*    sco/es 


Fio.  a9.~Approzlmate  arrangement  of  molds. 


Tefm/peraJbwre  ofpowring, — ^The  process  of  teeming  and  pouring  was 
conducted  as  rapidly  as  possible  to  make  the  temperature  of  pouring 
as  nearly  aUke  as  possible  in  all  cases.  An  examination  of  Table  9 
will  show  how  quietly  this  was  done.  The  position  of  the  in^t  num- 
bers and  the  time  of  pouring  as  ^ven  in  the  table  indicate  the  order 
in  which  the  ingots  were  poured.  For  instance,  ingots  1,  2,  and  3 
were  poured  first  in  the  order  named,  then  ingots  7,  8,  and  9,  then 
ingots  13,  14,  and  15,  then  ingots  12,  11,  and  10,  tnen  ingots  6,  5, 
and  4. 


DEOXIDATION   OF   STEEL. 


277 


Number  of  ingots. — ^Fif  teen  ingots  in  all  were  poured,  three  with  each 
addition.  All  the  deoxidizing  additions  were  made  in  the  ladle,  since 
it  was  determined  from  experiment  1  that  aluminum  added  in  the 
mold  did  not  give  as  good  results  as  aluminum  added  in  the  ladle. 

In  addition  to  the  above  there  was  cast  a  small  ingot  of  raw  con- 
verter metal  (ingot  17)  and  one  of  converter  metal  to  which  the 
carbon,  manganese,  and  silicon  additions  had  been  made,  but  to 
which  no  deoxidizer,  considered  as  such,  had  been  added  (ingot  18). 
Ingots  4  and  10  were  small  because  there  was  not  enough  metal  left  in 
the  1,000-pound  ladle  to  fill  the  mold.  These  two  ingots  were 
therefore  not  tested. 

Table  9  gives  the  time  of  pouring,  the  weight  and  percentage  of 
deoxidizer  added,  kind  of  deoxidizer,  etc. 

Table  9. — Time  ofjxmring  and  amount  ofdeoxidizeT. 


logotNo 

Metal  into  ladle 

Deoxidizer  added 

Finished   pouring   into 

ladle. 
Metal  poured  into  first 

ingot. 

Third  ingot  finished 

Deoxidizer  held  in  ladle . . 
Weight    of    deoxidizer 

added. 
Weight  of  steel  to  which 

added. 
Deoxidizing  element 

added. 
Kind  of  deoxidizer  added 

Element  in  deoxidizer. . . 
Deoxidizer  (calculated) 

per  ton  of  steel. 
Deoxidizing       element 

(calculated)  per  ton  of 

steel. 


1.2,3... 

3>»6m56-. 
3»>6«25». 


3kO9«20«, 


3hlO»56».... 

2»55«CK)- 

6.98  pounds.. 

1,054  pounds. 

0.095  per  ct... 

Fe-C-Ti 

14.32  per  ct... 
212  ounces.... 

30.4  ounces. . . 


6.5,4.... 
3tl6«55-. 
3h  16-  56". 
3»»17»00". 

3l>19"45>. 


7,8,9. 
3^7"  30. 
3»«7iB30«. 
3^  7»  67-. 


3"»21"20«..... 

2"  45*  00" 

6.275  pounds. 

1,015  pounds. 

0.492  per  ct... 

Fe-Mn 


3h  lo-o  25* . 


79.65  per  ct.. 
198  ounces... 

157.7  ounces., 


3"»11«34« 

2"28"00« 

4.16  pounds., 

1,067  pounds. 

0.0937  per  ct.. 

Fe-Ti    car- 
bonless. 


24  per  ct 

125  ounces... 

30  ouiibes  . . . 


12, 11, 10. 
3>>  14«»  48». 
3l>  14n  48". 
3«»  15«  10". 

7^  17«  14«. 


3»«18»31- 

2"04«00» 

7.15  pounds.. 

1,000  pounds*. 

0.40  per  ct 

Fe-Si 


56perct 

229  ounces... 

128  ounces... 


13, 14, 15. 
3i»8"55». 
3'»9«00". 
3i^9B05*. 

3k  11«  36». 

3«»  13»  00«. 
2"  30". 
2.02  pounds. 

1,395  pounds. 

0. 144  per  ct. 

Al. 

99.08  per  ct. 
46  ounces. 

45.6  ounces. 


1  This  weight  was  estimated  as  the  scales  were  temporarily  unmanageable.    There  was  at  least  1,000 
pounds  in  the  ladle,  however. 

Time  of  holding. — ^The  deoxidized  metal  was  held  from  two  minutes 
to  three  minutes  in  the  ladle  before  pouring  into  the  molds. 

Homogeneity  of  m£tal. — All  ingots  were  cast  from  one  heat  and 
manganese  and  silicon  additions  were  added  to  the  entire  bulk  of 
steel,  so  that  the  steel  was  as  homogeneous  as  possible.  Each  1,000- 
pound  ladle  gave  enough  metal  for  three  ingots  and  the  deoxidizer  was 
added  in  these  ladles,  so  that  the  homogeneity  of  the  steel  with  any 
given  deoxidizing  addition  was  also  as  homogeneous  as  possible. 
The  deoxidizer  was  added  to  the  1,000-pound  ladle  while  the  steel  was 
being  poured  into  it,  making  the  first  addition  of  deoxidizer  when  the 
ladle  was  about  half  full  and  completing  the  additions  just  before 
the  last  portion  of  steel  was  poured  from  the  2-ton  ladle.  This 
allowed  a  thorough  mixing  of  the  deoxidizer  with  the  metal. 

Size  of  ingots. — Ingots  were  made  as  large  as  possible,  keepingin 
mind  that  one  heat  of  metal  was  to  be  used  for  the  entire  set.  The 
pattern  for  the  mold  was  made  about  25  inches  long  and  7J  by  7i 
mches  in  diameter  at  the  res'^ective  ends,  the  mold  being  slightly 
tapered  for  draft,  with  the  larger  end  up.  The  ingots  weighed  from 
179  to  222  pounds  each  with  tne  exception  of  ingots  4  and  10,  which 
were  discarded.  Ingots  17  and  18  were  intended  to  be  the  same  size 
as  the  others,  but  there  was  not  enough  metal  left. 

Splitting  and  pJiotography  of  ingots. — All  the  ingots  wore  sand- 
blasted and  all  but  ingots  4,  10,  17,  and  18  were  cropped  to  20  per 
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cent  of  their  lenjgth.  Ingots  4  and  10  were  discarded  and  17  and  1>5 
were  very  small  and  therefore  were  not  cropped.  Each  ingot  was 
then  spUt  vertically  and  five  of  the  ingots  (Nos.  2,  5,  8,  11,  and  141 
were  etched  with  a  saturated  solution  of  iodine  in  95  per  cent  alcolidl 
to  bring  out  differences  in  the  macroscopic  structure  due  to  segrega- 
tion. All  of  the  ingots  were  then  photographed  (see  figs.  30  to  3'), 
inclusive). 

Piping, — No  special  precautions  were  taken  to  prevent  piping  by 
mechanical  means.  This  was  intentional,  as  at  tne  time  the  plans 
were  made  it  was  thought  better  not  to  confuse  the  eflfect  of  mechanicz^J 
and  chemical  methods  on  the  formation  of  pipe,  since  the  prevention 
of  piping  as  such  was  not  to  be  studied.  It  is  now  believed  that  it 
would  have  been  better  to  reduce  or  eliminate  the  pipe  hj  mechanical 
means,  as  any  effect  of  the  chemical  additions  (aeoxidizers)  on  the 

f aping  would  thus  have  been  more  clearly  shown.    As  a  matter  of 
act  all  of  the  ingots  were  piped  more  or  less  for  a  considerable  dis- 
tance below  the  point  of  cropping.     The  value  of  the  diflTerent  dc- 
oxidizers  as  given  m  terms  of  the  pipe  in  these  cropped  ingots  would  be 
Ferro-carbon  titanium. 
Ferro-silicon. 
Aluminum. 
Ferro  manganese. 
Carbonless  ferro-titanium. 
The  hidden  pipe  in  ingot  8  (carbonless  ferro-titanium)  is  especially 
noticeable.     No  evidence  of  this  pipe  was  visible  on  the  transverse 
section  at  the  cropping  point. 

Blowholes  are  plamly  visible  in  ingots  3  (ferro-carbon-titanium)  and 
5  and  6  (ferro-manganese).  Ingot  5  (ferro-manganese)  also  has  a 
hidden  pipe. 

Density, — ^The  half-ingots  which  were  photographed  were  spht  in 
two  transversely  and  the  lower  end  reserved  for  relative  density  test<. 
Relative  density  tests  were  also  made  on  the  cropped  ingots  bcfon* 
splitting  vertically,  using  the  same  method  as  in  experiment  1 .  The 
result  of  this  test  is  given  in  Table  10,  but  no  valuable  conclusions 
can  be  drawn  because  no  attempt  was  made  to  distinguish  between 
the  porosity  due  to  blowholes  and  the  porosity  due  to  piping. 

Table  10. 


Ingot 
No. 

Weight  of 

ingot. 
220.45 

1 

2 

222.41 

3 

21&08 

5 

179.13 

6 

195.11 

7 

220.20 

8 

222.58 

9 

210.16 

11 

219.23 

12 

219.64 

13 

2a5.32 

14 

211.08 

15 

21. S.  20 

RolatlvB 
density. 


Average 

density. 


85 


7.76 
7.82 


i.  i 


9 


Deoxfdizer 
used. 


Fe-C-Ti 

Fe-Mn 

fFe-Ti  carbon 
\    less. 

Fe-Bi 

Al 


Order  of  d»- 

oxidlzer  in 

respect  to 

density. 


} 


1 
5 
2 
4 

3 


Note  to  Table  10.— It  will  l)e  noted  that  the  average  relative  densities  are  verv  close  to  ear»h  other, 
especially  in  the  coses  of  ferro-manganese,  ferro-silicon,  and  aluminum.  In  any  particular  group  ttsin^  tho 
.same  deoxidizer,  however,  the  relative  deiLsitias  x-ary  morethan  the  averages  of  the  different  groups.  Tb«^ 
variations  are  probably  due  to  ditTerences  in  casting  cou<litions  and  it  was  to  eliminate  such  influences  a<« 
far  as  possible  that  the  ingots  were  cast  in  triplicate.  The  same  remarks  refer  to  the  specific  gravitv  tests 
on  the  small  specimens  given  in  Table  U. 
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Figure  36  (a  and  b)  shows  the  manner  in  which  the  cropped  ingots 
were  cut  up  for  the  various  tests.  Pieces  located  at  GrG  in  half-ingot 
A  have  been  reserved  for  gas-extraction  tests.  A  2-inch  slice  was 
cut  out  at  the  locations  Ct  and  Co  ajad  a  bar  about  2  inches  square 
was  cut  from  this  shoe,  the  portion  Ct  being  machined  for  tensile 
test  bars  (see  Tables  12-15),  tne  portion  Cc  for  Charpy  test  bars  (see 
Tables  16  and  17)  and  pieces  shown  at  S  for  specific  gravity  tests 
referred  to  in  Table  11.  The  section  on  0-0  shows  the  location  on 
the  lower  half  of  this  half-ingot  of  the  samples  for  oxide  determina- 
tions. 

The  lower  half  of  this  half-ingot  marked  F  was  forged  as  shown  in 
figure  36b  and  tensile  and  Charpy  tests  were  taken  as  shown  in  that 
sketch. 


^«cAo/f    Off  O-^o 


^Oftoitf 


6ofU 


Qm 


The  lower  half  of  the  half-ingot  B  (marked  D)  has  been  reserved 
for  density  tests. 

The  half-ingot  B  was  also  used  for  determining  segregation  by 
chemical  analysis,  etching  tests,  and  photography. 

Specific  gravity  tests  were  made  on  small  specimens  weighing  about 
50  grams  and  taken  from  the  point  indicated  in  the  sketch  above 
(fig.  36).  These  are  not  considered  of  much  value,  as  one  large  blow- 
hole in  any  specimen  might  vitiate  the  results,  as  is  evidently  the 
case  in  ingot  6.  The  results  are  given  for  what  they  are  worth,  now- 
ever,  and  it  is  interesting  to  note  the  general  agreement  between  the 
results  of  this  test  and  the  results  of  the  relative  density  test  given  in 
Table  10.  It  is  believed,  however,  that  the  relative  density  tests  on 
the  quarter-ingots  reserved  as  indicated  above  will  be  more  valuable 
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than  those  given  in  either  Table  10  or  11,  as  the  samples  are  -much 
more  representative,  bearing  in  mind  that  the  purpose  of  these  tests 
is  to  show  the  relative  freedom  from  blowholes  and  nonmetallic 
inclusions,  both  of  which  would  affect  the  density. 

Table  11. — Specific  gravity  tests  from  5,  Fig.  S&a, 


Ingot 


1 

2 

3 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 


Speciflc 
gravity. 


7.785 
7.773 
7.768 
7.773 
7.732 
7.776 
7.775 
7.770 
7.746 
7.745 
7.764 
7.776 
7.766 


Averafie 
specinc 
gravity. 


D«oxidiz«r  used. 


Order  of  deoxi- 
dlzersa.«rA|i:ards 
specific  gravity. 


7.769 
7.753 
7.773 
7.746 


Fe-C-Ti I  2or3. 

Fe-3to 4. 

Fe-Ti  carbonless 1. 

Fe-SL 


7.769       Al 


6. 


3  or  2. 


// 


Of^CQr^ 


Tens//^    TesTs 


Forging, — One-<juarter  of  each  ingot  (see  sketch,  fig.  36b)  was 
forged  down  to  2  mches  round  xmder  a  steam  hammer  after  heating 
to  the  usual  fomng  temperature. 

Annealing, — rieces  were  cut  from  the  upper  half  of  each  half- 
ingots  A  (see  sketch,  fig.  36a),  the  pieces  being  about  2  inches  square 

and  about  7  inches  long. 
These  were  heated  in  a  semi- 
muffle  type  oil-fired  shop  fur- 
nace to  850®  C.  held  for  one 
hour,  and  cooled  in  air.  AU 13 

J  rieces  were  removedfrom  the 
urnace  within  two  minutes, 
so  that  the  rate  of  cooling  of 
all  of  them  was  practically  the 
same.  These  pieces,  together 
with  pieces  of  about  the  same 
size  from  the  foi^d  metal, 
were  then  heated  to  850°  C, 
held  30  minutes,  and  cooled 
in  air.  They  were  then  re- 
heated to  650*"  C.  for  about 
30  minutes  and  cooled  in  air. 
The  bars  from  the  forged 
metal  were  chosen  as  follows: 
Three' inches  were  discarded 
from  the  end  of  the  bar  rep- 
resenting the  upper  end  of 
the  lower  half-ingot  (see 
Fig.  36b.  sketch,  fig.  36).   A  piece  long 

enougn  for  one  tensile  ana 

four  Charpy  test  pieces  was  then  cut  off  and  annealed  as  described 

above. 

Physical  tests, — ^Tensile  test  pieces  and  Charpy  impact  test  pieces 

were  cut  from  the  annealed  material  and  subjected  to  tensile  and 
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Charpy  impact  tests,  respectively,  with  the  results  given  in  Tables 
12  to  17,  inclusive. 

Table  12. — Tensile  tests  of  annealed  cast  specimens, 
[Diameter  of  specimens- 0.506  in.   Area— .20  sq.  in.] 


Infot 
No. 

Yield 

point 

(pounds 

per  square 

Inch). 

Tensile 

strength 

(pounds 

per  square 

tncn). 

• 

Elonga- 
tion In  2 
inches 
(per 
cent). 

Contrao- 

tionof 

area 

(per 

cent). 

Appearance  of  fracture. 

1 
2 
3 

5 
6 

7 

8 
9 

11 

12 

13 
14 

15 

46,000 
44,500 
47,500 

46,000 
45,500 

49,000 

40,500 
38,000 

46,000 

49,000 

41.500 
37,500 

30,000 

74,000 
60,500 
67,500 

75,000 
65,500 

65,500 

68,000 
49,000 

70,500 

70,500 

55,000 
48,500 

65,500 

11.0 
9.0 
8.5 

11.0 
7.5 

•5.5 

5.5 
6.0 

9.5 

9.0 

5.0 

4.5 

9.5 

24.0 
13.3 
16.9 

20.5 
20.5 

9.5 

Amorphous,  with  patches  of  granular. 

Do. 
Amorphous,  with  dark-colored  spot  at  cir- 
cumference. 
Do. 
Amorphous,  with  patches  of  dark-colored 

metal  near  circumference. 
Amori>hous,  with  granular  spot  at  circum- 
ference. 

Amorphous,  with  dark-colored  patch  atcir> 

cumference. 
Amorphous,  with  granular  and  light«olored 

spots. 
Amorphous,  with  granular  spots  near  cir- 

cmnference. 
Do. 
Amorphous,  with  dark-oolored  patches  at 

circumference. 
Amorphous. 

13.3 

13.3 

16.9 

5.7 
9.5 

13.3 

Tabls  13. — Average  physical  tests,  annealed  cast  metal. 

[Calculated  fh>m  Table  12.] 


Ingot  No. 

Deozldiser  used. 

AveraflB 
yield 
point. 

Average 
tensile 

(pounds 

per 
square 
inch). 

Average 

elonga- 

tioiiin2 

inches 
(per 

cent). 

Average 

oontrao- 

tionof 

area 

(per 

cent). 

Order  of  deozldls- 

ers  as  regards 
physical  properties. 

Tensile 
strength. 

Elonga- 
tion. 

S?6 

7,8 

11,12 

13,14,15 

Pe-C-Ti 

46,000 
45,800 
45,500 
47,500 
39,300 

70,300 
70.000 
60,800 
70,500 
56,300 

9.5 
9.2 
5.7 
9.3 
6.3 

18.1 
20.5 
11.4 
15.1 
9.3 

2 
3 
4 
1 
5 

1 
3 
5 
2 
4 

Fe-Mn 

Fe-Ti  carbonless 

Fe-Si 

Al 

Table  14. — Tensile  tests  of  annealed  forged  steel  specimens. 
[  Diameter  of  specimens—  0.505  in.    Area—  .20  sq.  in.] 


Yield 

TensQe 

Elonga- 

Contrac- 

Ingot 

point 

strength 

tion  in  2 

tion  of 

(pounds 

(pounds 

inches 

area 

Appearanoe  of  Cractuie. 

per  square 
inch). 

per  square 
inch). 

(per 
cent). 

(per 
cent). 

IF 

47,500 

82,500 

27.5 

49.1 

Silky. 

Do. 

2F 

52,000 

82,000 

29.0 

51.9 

3F 

51,000 

81,500 

28.5 

51.9 

Silky;  opened  seams  in  stem. 
Do. 

5F 

48,000 

83,500 

25.5 

46.2 

6P 

49,000 

79,000 

30.5 

54.6 

Do. 

7F 

46,000 

77,000 

31.0 

57.2 

SUky;  opened  seam  in  stem. 

8F 

48.500 

78,000 

31.5 

57.2 

Silky;  opened  seams  in  stem. 

9F 

50,500 

84,000 

26.5 

46.2 

Silky;  open  seam  at  center. 

11  F 

52,500 

82,500 

29.0 

54.6 

Silky. 

12  F 

53,500 

84,500 

28.5 

51.9 

Silky;  open  seam  in  stem. 

13  F 

47,000 

78,500 

29.5 

57.2 

14  F 

48,500 

78,000 

31.0 

54.6 

Do. 

15  F 

44,500 

79,500 

29.5 

51.9 

Do. 
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Table  15. — Average  physical  testSj  annealed  forged  metal. 

[(Calculated  from  Table  14.] 


Ingot  No. 


IF 
2F 
3F 
5F 
6F 
7F 
8F 
9F 

11  F 

12  F 

13  F 

14  F 

15  F 


Deoxidiier  used. 


Fe-O-Tl 

Fe-Mn 

Fe-Ti  carbonless. 

Fe-Si 

Al 


Average 

yield 

point. 

Average 

tensile 

strength 

(pounds 

per 
square 
inch). 

Average 
elonga- 
tion &2 

inches 
(per 

cent). 

50,200 
48,500 
48,300 
53,000 
40,700 

82,200 
81,300 
79,700 
83,500 
78,700 

28.3 
28.0 
29.7 
28.8 
3P.0 

A  «.«.««  I  Order  of  deodorii- 

tionof 

area 

(per 
cent). 


51.0 
50.4 
53.5 
53.3 
54.0 


physical! 

iropaties. 

Tensile 
strength. 

Elonga- 
tion. 

2 

4    , 

8 

5 

4 

2   ' 

1 

3 

5 

1 

Table  16. — Charpy  tests  on  annealed  cast  steel. 
[Four  pieces  from  each  ingot  were  tested.) 


Deoxldixer. 

Ingot 
num- 
ber. 

Annealed  oast  steel  (foot-pounds 
inch). 

per  square 

Relative 

order  of 

deoxi- 

dis^rs. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Oeneral 
average. 

Fe-OTi 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

147.5 
124.0 
134.5 

104.0 
120.0 
105.5 

119.3 
121.0 
116.7 

119.0 
116.8 
94.6 
131.5 
114.9 

2 
3 
6 

1 
4 

Fe-Mn .' 

120.0 
140.4 
113.6 
120.2 
120.5 

97.7 
105.5 
92.0 
77.8 
70.2 

109.0 

124.6 

100.6 

91.8 

9L5 

Carbonless  Fe-Ti. 

Fe-SI 

127.0 
167.5 
121.0 
149.6 
133.0 

98.5 
135.2 

79.0 
105.6 

9L9 

'  mo 

154.2 
103.3 
125.2 
116.3 

Aluminum 

Table  17. — Charpy  tests  on  annealed  forged  steel. 
[Four  pieces  flrom  each  ingot  were  tested.] 


Deoxidizer. 

Ingot 
num- 
ber. 

Annealed 

forged   steel    (foot->pounds  per 
square  inch). 

Relative 

order  of 

deoxi- 

diiers. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Oeneral 
average. 

Fe-C-Ti 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

196.6 
188.2 
246.8 

164.0 
157.0 
165.6 

184.3 
178.2 
20L4 

188.0 

5 

2 

4 
1 

Fe-Mn 

229.0 
231.2 
315.2 
318.0 
376.0 

212.0 
2040 
237.2 
246.0 
288.0 

221.0 
222.0 
266.3 
279.6 
316.0 

22L5 
287.3 

206.0 

34ao 

Carbonless  Fe-TL. . . . 
Fe-Si 

220.8 
248.0 
384.0 
368.0 
354.2 

189.8 
188.2 
332.8 
302.0 
279.4 

200.3 
215.8 
359.1 
33«.7 
324.2 

Aluminum 
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It  will  be  noted  that  in  the  tensile  and  Charpy  tests  the  diCFercnccs 
between  the  averages  of  the  various  groups  of  ingots  are  often  less 
than  the  diflferences  between  many  oi  the  physical  properties  in  the 
same  group,  this  tenn  being  understood  to  include  the  two  or  three 
ingots  cast  with  the  same  deoxidizer. 

S^or^jrcrf'wm.— Carbon  determinations  were  made  in  duplicate  by 
the  direct  combustion  process  from  five  of  the  ingots  (Nos.  1,  6,  9, 
12,  15>  and  the  results  are  shown  in  figs.  37  to  41  inclusive.  ^ 

In  ingot  No.  1,  made  with  ferro-carbon-titanium,  the  tests  have 
not  brought  out  any  segregation  of  carbon;  in  fact  there  may  be  said 
to  be  a  dight  negative  segregation  since  the  average  carbon  at  the 
bottom  of  the  pipe  (drill  hole  No.  6,  fig.  37)  is  0.366  per  cent,  while 
the  average  at  drill  hole  No.  4  at  the  outside  of  the  ingot  is  0.399  per 
cent,  and  that  at  drill  hole  No.  15  is  0.385  per  centj  and  the  average 
carbon  from  the  five  drill  holes  on  the  axis  of  the  mgot  is  0.368  per 
cent,  while  the  average  carbon  at  the  five  drill  holes  on  the  outside 
of  the  ingot  is  0.391  per  cent.  The  same  thing  is  true  of  ingot  No.  6, 
made  with  ferro-manganese  addition,  in  which  the  carbon  at  the 
bottom  of  the  pipe  is  0.372  per  cent  (drill  hole  No.  6,  fig.  38),  while 
at  the  corresponding  point  on  the  outside  of  the  ingot  (cuill  hole  No. 
4)  the  carbon  is  0.403  per  cenb.  The  average  carbon  from  the  five 
holes  representing  the  axis  of  the  ingot  is  0.382  per  cent,  while  the 
average  carbon  at  the  outside  of  the  ingot  is  0.397  per  cent.  The 
same  remarks  apply  also  in  general  to  ingot  No.  9,  maae  with  carbon- 
free  ferro- titanium.  The  carbon  at  thel)ottom  of  the  pipe  is  0.366 
per  cent  (drill  hole  No.  6,  fig.  39),  while  the  carbon  at  the  correspond- 
ing point  on  the  outside  ((uill  hole  No.  4)  is  0.394  per  cent,  and  the 
average  carbon  in  the  axis  is  0.371  per  cent,  while  the  average  carbon 
on  the  outside  is  0.377  per  cent.  The  difference  between  tne  inside 
and  the  outside  in  this  ingot  however  is  not  so  well  marked  as  in  the 
others.  But  at  drill  hole  No.  3,  situated  near  the  pipe,  positive  seg- 
regation is  shown,  the  carbon  being  0.442  per  cent.  In  ingot  No.  12, 
made  with  ferro-siUcon,  there  is  a  slight  s^regation  of  carbon  at  the 
bottom  of  the  pipe,  the  average  carbon  at  drill  hole  No.  6,  fig.  40, 
being  0.609  per  cent,  while  the  carbon  at  the  corresponding  point 
on  tne  outside  (drill  hole  No.  4)  is  0.375  per  cent.  In  this  ingot  the 
average  axial  carbon  is  0.407  per  cent,  while  the  average  carbon  at 
the  outside  is  0.361  per  cent.  In  ingot  No.  15.  made  with  aluminum, 
there  is  also  a  distinct  positive  s^egation,  tne  carbon  at  the  lower 
end  of  the  pipe  (drill  hole  No.  6,  fig.  41)  being  0.528  per  cent,  while 
the  carbon  at  the  corresponding  point  on  the  outside  of  the  ingot 
(drill  hole  No.  4)  is  0.396  per  cent.  The  average  axial  carbon  in 
this  ingot  is  0.408  per  cent,  while  the  carbon  at  the  outside  of  the 
ingot  averages  0.382  per  cent. 

If  we  consider  each  ingot  to  be  made  up  of  three  concentric  cylin- 
dersy  the  inner  one  solid  with  a  diameter  of  2  inches,  the  second  one 
hollow  with  inside  diameter  of  2  inches  and  outside  diameter  of  4 
inches,  and  the  third  hollow  with  inside  diameter  of  4  inches  and 
outside  diameter  of  7  inches,  it  is  easy  to  calculate  the  approximate 
carbon  content  of  each  ingot  by  assigning  to  the  central  cyUnder 
of  metal  a  carbon  content  eaual  to  the  mean  of  the  axial  carbon 
determinations,  to  the  secona  cylinder  a  carbon  content  equal  to 
the  mean  of  the  analyses  between  the  axis  and  the  outside,  and  to 
the  outside  cylinder  the  mean  of  the  analyses  taken  at  the  outside. 
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The  following  table  gives  the  result  of  such  a  calculation  and  shows 
the  influence  of  the  various  deoxidizers  on  segregation  and  their 
relative  merits  based  on  this  criterion: 

Table  18. — Relative  valine  of  deoxidizers  as  regards  prevention  of  segreffctticn. 


Kind  of  deoxidlzer. 


Fe-Mn 

Fe-C-Tl 

Fe-Ti  (carbonless) 

Al 

Fe-Si 


Order  of 
deoxldicer. 


1 
2 
3 

4 
5 


Peroentage 
segregation. 


Ptrceni. 
+  2 
-  5 

+18 
+44 
+64 


Extraction  of  gases, — ^It  was  hoped  that  the  extraction  of  gases,  at 
a  high  temperature  in  vacuo,  from  samples  of  the  various  ingots 
wouH  throw  some  light  on  the  action  of  the  so-called  deoxidizers, 
especially  since  Thomas  Baker  in  his  paper  entitled  **  Gases  occluded 
in  steel,  *  showed  that  in  comparing  cast  crucible  steel  of  about  0.80 
to  0.90  per  cent  carbon,  with  and  without  the  addition  of  "a  small 
amoimt  of  aluminum,"  the  former  gave  ofif  twice  the  volume  of  total 
sases  obtained  from  the  latter  during  110  hours  heating  at  1,000®  C. 
His  heatings  were  made  for  10  days  at  about  11  hours  a  day.  A 
brief  summary  of  Baker's  results  is  given  below  in  Table  19, 


Table  19. — Summary  of  Boleros  results. 

Kind  of  steel. 

Total 

gases  per 

gram  of 

steel. 

COf. 

H,. 

CO. 

CH4. 

N,. 

1.  Sound  steel  0.90  oer  cent  C 

ce. 
r.33 

.665 

Percent. 

1.68 
.87 

Percent. 
52.03 
54.62 

Percent. 
45.53 
42.41 

Percent. 
0.72 
1.73 

Percent. 

ao4 

.37 

2.  Unsound  steel  0.81  per  cent  C 

Weight  of  steel  sample  No.  1, 69.31  grams;  sample  No.  2, 63.261  grams. 

If  proper  apparatus  could  have  been  had  for  collecting  the  gases 
given  off  from  the  molten  steel,  a  better  basb  of  comparison  between 
deoxidizers  would  doubtless  have  been  established!,  but  this  was 
impracticable.  It  was  decided  in  the  present  work  to  extract  the 
gases  at  1,000^  C.  for  30  hours  since  it  was  found  by  experiment  that 
the  rate  of  evolution  of  gas  after  that  time  was  very  low. 

The  apparatus  used  in  this  work  follows  closely  that  employed  by 
Baker. 

The  heating  tmit  consisted  of  an  alundum  tube  woimd  with  No*  18 
Nichrome  wire,  the  entire  windins  having  a  resistance  of  19  chins. 
The  alundum  tube  was  12  inches  in  length,  the  internal  diameter  bein^ 
1}  inches  with  walls  ^  inch  thick.  A  fused  silica  tube,  glazed  botn 
inside  and  outside^  was  placed  concentricall}r  in  the  alundum  tube, 
the  length  of  the  silica  tube  being  24  inches,  with  an  internal  diameter 
of  i  incn.  In  the  work  by  Baker  a  porcelain  tube  was  used,  but  it  is 
thought  that  fused  silica  has  several  advantages  over  porcelain  for 

^  Iron  and  Steel  Institute,  Carnegie  Scholarship  Memoirs,  Vol.  1, 1900,  p.  219. 


FfG.  37.— INGOT  1.     EXPERIMENT  2. 

it  0.10  percent  Tl  in  form  of  IS  par  cant  fsrrocsrbof 
-mlnxloni  ihowlng  luck  of  legreg&tlan.     Vertical  (i 


FIG.  38.— INGOT  G.     EXPERIMENT  2 

StMl  mad*  with  about  0.50  per  cent.  Mn  In  form  o(  SO  per  cent  f 
•ection  with  carbon  determinatloni  ihowlng  lack  of  i 


FIG.   39— INGOT  9.     EXPERIMENT  2. 
t  0.10  psr  cant  TI  In  rorm  ol  25  per  cant  cirban-rres   fsrrotltanlum. 
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;irork.  The  ends  of  the  silica  tube  were  closed  with  rubber 
ers,  connections  being  made  through  one  stopper  to  the  pumping 
m.     The  other  stopper  was  solid. 

the  beginning  of  the  work  the  thermocouple  was  placed  inside 

jilica  tuDe,  access  being  made  by  means  of  a  two-hole  stopper, 

nres  of  the  couple  being  fused  into  glass  tubes  where  they  passed 

ugh  the  two-hole  stopper.    Two  disadvantages  were  present  by 

^this  method:  (1)  Tne  temperatxure  of  the  mterior  oi  the  silica 

lagged  considerably  behind  the  temperature  of  the  heating  unit, 

.  m^Sing  accurate  control  impossible;  (2)  the  occluded  gases  of 

couple  and  insulating  tubes  were  a  source  of  error. 

ince  constant  temperatxure  was  sought  rather  than  actual  tempera- 

),  the  couple  was  placed  between  the  silica  tube  and  the  heating 

b,  for  there  the  least  temperature  change  in  the  furnace  would 

w  at  once  and  could  be  corrected  by  using  more  or  less  ciurent  as 

.essary  without  affecting  the  temperature  inside  the  tube  since  a 

«  series  of  simultaneous  readings  of  temperature  in  the  interior  of 

3  sUica  tube  and  the  space  between  the  silica  tube  and  walls  of  the 

mace  showed  that  at  constant  temperature  the  difference  was  negli- 

Dle  after  10  minutes  had  elapsed.     It  seems  evident,  therefore,  that 

len  constant  temperature  is  required  over  long  periods  the  method 

.ed  was  not  only  permissible  but  had  certain  advantages,  among 

hich  is  convenience  of  manipulation. 

All  temperature  measurements  were  made  with  a  platimun-plati- 
om  10  per  cent  rhodium  couple,  the  E.  M.  F.  being  read  by  a  Leeds 
5  Northrup  portable  potentiometer.  This  arrangement  permits  of  an 
xjcuracy  oi  ±  6°  C. 

The  pumping  system  consisted  of  an  oil-sealed  pump  of  the  plunger 
ivpe  for  rough  work  and  a  Toepler  mercury  pump  for  the  fine  work. 
Either  pump  could  be  brought  into  connection  with  the  tube  by 
manipulation  of  the  stopcocl^  A  and  B  (fig.  42). 

Gases  were  collected  in  the  collecting  bottle  of  special  design 
shown  in  the  drawing  (fig.  42)  and  from  there  were  orawn  to  the 
burette  for  analysis.  The  photograph  (fig.  43)  will  give  an  idea  of 
the  apparatus  assembled. 

The  details  of  an  actual  typical  experiment  will  next  be  described, 
which  will  be  followed  by  the  report  of  some  blank  tests. 

The  specimens  used  varied  in  weight  from  40  to  50  grams,  most  of 
them  weighing  from  47  to  50  grams. 

The  sample  nmnbers  correspond  with  the  ingot  numbers  in 
experiment  2. 

A  specimen  was  thoroughly  cleaned  and  washed  in  benzine  and 
alcohol.  After  its  weight  haa  been  determined  it  was  placed  in  the 
sUica  tube.  The  stopper  was  inserted  and  all  joints  were  given  a 
coating  of  shellac,  to  msure  tightness.  The  ends  of  the  silica  tube 
were  water-cooled  to  prevent  the  corks  from  overheating. 

The  cock  at  A  was  closed  and  cock  B  opened.  The  roughing 
piunp  was  then  operated  for  30  minutes.  Tnis  pmnp  gave  on  all 
experiments  a  vacuum  better  than  0.1  mm.  At  tne  end  of  30  min- 
utes B  was  closed  and  A  opened.  Piunping  was  continued  for  30 
minutes  with  the  mercury  pump.  The  pincncock  between  the  col- 
lecting bottle  and  the  pump  was  then  closed,  the  gas  in  the  collecting 
bottle  being  driven  out  by  raising  the  mercury  reservoir  connected 
with,  the  latter.    The  pinchcock  was  then  opened  and  the  heating 
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current  turned  on.     Tlie  heating  current  was  controlled  by  a  carbon 
block  rheostat  and  an  anniieter  in  the  circuit. 

The  time  of  heating  from  atmospheric  temperature  to  1,000**  C. 
was  one  hour  and  this  figure  was  always  kept  constant. 

When  the  temperature  reached  1,000°  C,  the  current  was  reduced 
to  5.65  amperes,  which  maintained  the  temperature  of  1,000®  C. 
within  5°  C.  The  temperature  was  held  there  for  10  hours.  This 
constituted  one  period.  At  the  end  of  10  hours  the  furnace  was 
allowed  to  cool  to  atmospheric  temperature.  Whenever  the  pressure 
in  the  tube  rose  to  3  mm.,  the  mercury  pimip  was  operated  and  the 
gas  collected.  On  heating,  gases  were  given  off  slowly  for  about  40 
minutes  and  then  very  rapidly.  The  period  of  rapid  evolution  of 
gases  corresponds  evidently  with  the  thermal  critical  range.  The 
temperature  at  which  the  rapid  evolution  began  was  apparently 
between  750''  and  850°  C. 

At  the  end  of  a  period  the  gases  were  passed  into  a  burette  and 
analyzed.     The  ordinary  methods  of  gas  analysis  were  used. 

The  above  operation  was  repeated  twice,  making  three  periods  in 
all.  The  gases  collected  then  were  the  gases  given  off  by  three 
10-hour  periods  at  1,000°  C.  and  the  gases  given  off  in  heating  to  and 
cooUng  from  that  temperature  for  three  sucxiessive  times. 

It  was  evident  from  the  work  of  Baker  and  others  that  considerable 
gas  would  cling  to  the  sides  of  the  tube  even  at  high  vacuums. 
Several  blanks  therefore  were  run  with  the  furnace  cold  and  hot, 
respectively.  The  blanks  with  the  cold  furnace  served  to  show  that 
the  connections  were  tight.  The  pressure  would  rise  slightly  for  48 
hours  or  more,  but  from  that  time  on  was  stationary  within  the 
limits  of  observation. 

The  blanks  on  a  three-period  run  were  very  interesting.  The 
average  of  three  such  blanks  gave  the  foUowing  result: 

cc. 

Period  1 4.1 

Period  2 1.2 

Periods 1.1 

Average  analysis. 

C02=3.5  per  cent. 
0=8.5  per  cent. 
H=3  per  cent. 
N=85  per  cent. 

After  the  apparatus  had  been  used  for  several  determinations, 
other  blanks  were  run,  and  as  was  to  be  expected  the  hydrogen  con- 
tent rose  to  some  extent,  since  it  is  difficult  to  remove  the  last  traces 
of  adsorbed  hydrogen.     Traces  of  CH^  were  also  present. 

The  data  oDtained  from  the  several  samples  has  been  reduced  to 
standard  conditions  of  760  mm.  pressure  and  0®  C.  Tables  for  each 
sample  are  given  (Tables  20-30).  In  the  upper  half  of  each  table 
the  cubic  centimeters  of  each  gas  for  each  period  can  be  found  by 
passing  along  the  table  horizontally  after  the  number  of  theperiod. 
A  row  is  also  provided  for  the  sum  of  the  three  periods.  The  last 
vertical  column  shows  the  total  volume  for  each  period  and  also  the 
total  volume  of  gas  collected. 

The  lower  half  of  each  table  is  constructed  in  the  same  manner  and 
shows  percentage  by  volume,  the  last  column  marked  *' Total  of  sum" 
showing  what  per  cent  of  the  total  gas  collected  was  given  off  in  any 
period. 
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A  special  table  (Table  31)  is  also  provided  showing  the  summation 
of  the  results.  A  column  has  been  introduced  showing  volume  of 
gas  per  gram  of  metal.  It  has  been  assumed  by  Baker  and  in  this 
report  that  gas  evolved  is  a  function  of  mass.  No  doubt  this  is  true 
to  some  extent,  but  the  gas  evolved  may  also  be  a  fimction  of  the 
surface  exposed. 

Table  20,— Sample  No.  1,  Fe-C-Ti. 

[Weight  of  sample,  48.39  grams.] 


1.... 
2.... 
3.... 
Sum 


Volume 

1 
Volume 

1 
Volume  I  Volume 

Volume 

Total 

COs. 

CO. 

CH4. 

H. 

N. 

volume. 

c.e. 

c.e. 

c,e. 

c.e. 

c.e. 

c.e. 

0.00 

22.23 

0.00 

23.25 

1.12 

46.60 

0.19 

10.23 

0.19 

10.32 

0.74 

21.67 

0.00 

7.25 

0.19 

6.98 

0.65 

15.07 

0.19 

39.71 

0.38 

40.55 

2.51 

83.34 

Period. 

COa. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
0.00 
0.88 
0.00 
0.23 

Percent, 
47.70 
47.14 
48.83 
47.65 

Percent. 
0.00 
0.88 
1.27 
0.46 

Percent, 
49.89 
47.56 
46.53 
48.66 

Percent. 
2.41 
3.54 
3.87 
3.00 

Per  cent, 

55.41 

26.00 

18.09 

100.00 

2 

si. :.:.::::... 

Bam...... .... 

Table  21.— Sample  No.  S,  Fe-C-TL 
[Weight  of  sample,  51.9679  grams.] 


Period. 

Volume 
CO,. 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

e.c. 

0.18 
0.27 
0.09 
0.54 

c.c. 

13.89 
3.04 
2.02 

18.95 

c.c, 

0.09 

0.09 

0.00 

0.18 

c.e. 

14.35 
3.40 
2.39 

20.14 

c.c. 
0.92 
0.64 
0.83 
2.39 

c.c. 

29.43 
7.44 
5.33 

42.20 

2 

8 

Sum 

Period. 

CO,. 

CO. 

CH4. 

H. 

N. 

Total  of 
stim. 

1 

Percent. 
0.61 
3.63 
1.69 
1.28 

Percent. 
47.13 
40.86 
37.90 
44.90 

Percent. 
0.31 
1.21 
0.00 
0.43 

Percent. 
48.76 
45.70 
44.84 
47.72 

Percent. 

3.19 

8.60 

15.57 

5.67 

Percent. 
69.74 
17.63 
12.63 
100.00    1 

2 

3 

8um 

Table  22.— Sample  No.  5  (Fe-Mn). 
[Weight  of  sample,  50.5972  grams.] 


Period. 

Volume 

co^ 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

c.c. 
0.00 
0.00 
0.00 
0.00 

e.c. 

22.32 
7.91 
5.98 

36.21 

e.c. 

0.37 

0.09 

0.14 

0.60 

c.e, 

22.  Ai 

7.91 

6.16 

36.48 

c.e. 

1.21 
0.65 
0.64 
2.50 

c.e. 
46.31 
16.56 
12.92 
75.79 

2 

3 

Sum 

Period. 

co^ 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Per  cent. 
0.00 
0.00 
0.00 
0.00 

Per  cent. 
48.20 
47.76 
46.29 
47.77 

Percent. 
0.80 
0.54 
1.09 
0.79 

Per  cent. 
48.39 
47.76 
47.69 
48.13 

Per  cent. 
2.51 
3.94 
4.93 
3.31 

Per  cent. 

61.95 

21.85 

10.20 

100.00 

2 

3 

Sum 
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Tablb  23.~^ampZe  No.  8  (Fe-  Ti  carhanku). 
[Weight  of  sample,  47.6817  grams.) 


T»— III  J 

JrVKXl. 

Volume 
COs. 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Vohune 
N. 

Tbtal 
volume. 

1 

ce. 

0.09 

0.00 

0.19 

0.28 

17.93 
5.92 
3.16 

27.01 

0.00 

0.00 

0.09 
0,09 

e.c. 

19.57 
6.64 
3.72 

29.93 

e.e. 

0.64 

•0.55 

0.65 

1.84 

38.23 

13.11 

7.81 

50.15 

2 

3 

8nm 

Period. 

CO«. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
0.23 

0.00 
2.43 
0.47 

Percent. 

46.90 
45.15 
40.46 
45.66 

Percent. 
0.00 
0.00 
1.15 
0.15 

Percent. 
51.19 
60.65 
47.63 
50.60 

Percent. 
1.91 
4.20 
8.33 
3.12 

PereenL 

64.63 

22.16 

13.21 

100.00 

2 

3 

Siim^-T,^,-. . 

Table  2i.^Specimen  No.  9  {Fe-Ti oathonUn). 
[Weight  of  sample,  46.4439  grams.) 


Period. 

Volume 
COi. 

Volume 
CO. 

Volume 
CH«. 

Volume 
H. 

Volume 
N. 

Total 
volume. 

1 

c.  c. 

aoo 
aoo 
a  09 
ao9 

c.  c. 

1&58 
4.05 
3.28 

25.91 

e.c. 
a  14 

a  09 
a  09 
a  32 

c.  c. 

19.50 
4.42 
3.91 

27.83 

e.c. 
a97 

a74 
a  82 

2.53 

c.  c 

89.19 
9.30 
8.10 

56.50 

2 

3 

Sum . .  r  - . .  T . 

Period. 

CO,. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 

aoo 
aoo 
1.11 
a  16 

Percent. 
47.41 
43.55 
4a  49 
45.78 

Percent. 
a  36 
a  96 
1.11 

a  57 

Percent. 
49.75 
47.53 
48.27 
49.17 

Percent. 
2.48 
7.96 
9.02 
4.32 

Percmt. 
69.24 
16.43 
14.33 

loaoo 

2 

3 

Riitn ... ,  - 

Table  2b.^Sample  No.  12  (F&-Si). 
[Weight  of  sample,  47.0992  grams.] 


Period. 

Volume 
CO^ 

Volume 
CO. 

Volume 
CH«. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

e.e. 

aoo 
aoo 
aoo 
aoo 

e.c. 

15.64 
3.68 
3.59 

22:91 

e.c. 

a  24 
a  28 
aoo 
a52 

e.  e. 

17.02 
3.86 
4.32 

25.20 

e.e. 
1.14 
1.10 
a  64 
2.88 

e.c. 

34.04 
8L92 
8.55 

2 

3 

gum . , , 

51.51 

Period. 

COf. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 

aoo 
aoo 
aoo 
aoo 

Percent. 
46.00 
41.35 
41.99 
44.49 

Percent 
a  71 
3.14 

aoo 

1.01 

Percent. 
50.06 
43.37 
50.53 
48.93 

Percent. 

3.23 

12.14 

7.48 

6.57 

Percent. 
66.09 
17.32 
16.50 

loaoo 

2 

3 

Siun 
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Table  26.— 5ampZ«  No.  IS  {AV). 
[Weight  of  sample,  47.9003  grams.] 


Period. 

• 

Volume 

Volume 
CO. 

Volume 
CH*. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

c.e. 

ao9 

0.09 
0.09 

a27 

e.e. 

19.02 
6.64 
3.37 

29.03 

c.c. 

aoo 

0.27 
0.00 
0.27 

e,c. 

20.66 
7.28 
4.91 

32.85 

c.c. 
0.82 
0.73 
0.09 
1.64 

c.c. 
4a  59 
15.01 
8.46 
64.06 

2 

3 

Bum . . , .  r . . . 

Period. 

COi. 

CO. 

CH«. 

H, 

N. 

Total  of 
sum. 

1 

Percent. 
0.22 
0.60 
1.06 
0.42 

Percent. 
46.85 
44.27 
39.66 
45.36 

Percent. 
0.00 
1.80 
0.00 
0.42 

Percent. 
60.89 
4&53 
57.76 
51.33 

Percent. 
2.04 
5.60 
1.53 
2.47 

Per  cent. 
63.42 
23.43 
13.15 

loaoo 

2 

3 

Bnm -- 

Table  27. ^Sample  No.  15  (Al). 
n^eight  of  sample,  47.2004  grams.) 


Period. 

Volume 
COi. 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

c.e. 
a09 

ao9 
aoo 
a  18 

e.e. 

15.07 
5.30 
5.21 

25.58 

e.c. 
an 
a  09 
aoo 
a20 

c.c. 

16.00 
5.77 
6.51 

28.28 

e.e. 
1.02 

a  05 
a  65 

2.32 

c.c. 

32.29 

11.90 

12.37 

56.56 

2 

8 

Bum . . 

Period. 

CO,. 

CO. 

CH*. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
a  21 

a  76 
aoo 
a  32 

Percent. 
46.66 
44.54 
42L12 
45.23 

Percent. 

a  34 
a  76 
aoo 
a  35 

Percent. 
49.53 
48.49 
52.63 
5a  00 

Percent. 
3.26 
5.46 
5.25 
4.10 

Percent. 
57.09 
21.04 
21.87 

loaoo 

2 

3 

Sum 

Table  28. — Sample  No,  17-1  {raw  converter  metal). 
[Weight  of  sample,  40.1734  grams.] 


Period. 

Volume 
COi. 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Volume 

N. 

Total 
volume. 

1 

e.e. 

a  18 
a  28 
a  09 

0.56 

e.c. 

14.72 
4.78 
3.72 

23.22 

e.e. 
1.76 
a  28 

aoo 

2.03 

e.c. 

16.00 
4.78 
3.81 

24.50 

c.c. 
1.01 

a  83 
a  56 

2.40 

c.  c. 
33.66 
ia95 
8.18 
62.79 

2 

3 

Sum 

Period. 

COi. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
a  53 
2.56 
1.10 
1.04 

Percent. 
43.73 
43.66 
45.50 
43.06 

Percent. 
5.26 
2.66 

aoo 

3.84 

Percent. 
47.54 
43.65 
46.58 
46.59 

Per  cent. 
2.94 
7.68 
6.72 
4.55 

Percent. 

63.75 

20.74 

15.51 

100.00 

2 

3 

Sum 

1 


290 


DEOXIDATION   OF   STEEL. 

Table  2C  —Sample  18-1  {steel  without  detaidizer). 
(Wei^t  of  sample,  46.3198  gnms.] 


1.... 
2.... 
3.... 

Sum 


Volume 

Volume 

Volume 

Volume 

Volume 

Total 

CO^ 

CO. 

CH4. 

H. 

N. 

volume. 

c.c. 

c.c. 

c.c. 

c,c. 

c.c. 

c.c. 

0.74 

15.44 

0.37 

14.97 

1.49 

83.01 

0.09 

5.21 

0.09 

5.77 

0.66 

11.81 

0,09 

3.72 

0.19 

4.01 

0.86 

8.85 

0.92 

24.37 

0.65 

24.75 

2.96 

53.67 

Period. 

CO,. 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
2.24 
0.76 
1.02 
1.71 

Percent. 

46.78 
44.15 
42.04 
45.38 

Percent. 
1.12 
0.76 
2.15 
1.21 

Percent. 
45.36 
48.89 
45.32 
46.09 

Percent. 
4.50 
5.46 
9.47 
5.61 

Percent. 

61.45 

21.99 

16.56 

100.00 

2 

3 

Sum , 

Table  30. — Sample  18-2  {steel  wixhout  deoxidixer). 
[Weight  of  sample,  40.4437  grams.] 


Period. 

Volume 
CO^ 

Volume 
CO. 

Volume 
CH4. 

Volume 
H. 

Volume 
N. 

Total 
volume. 

1 

2 

3 

Sum 

c.c. 
0.00 
0.00 
0.00 
0.00 

c.c. 

16.74 
3.81 
3.44 

23.99 

C.C. 

0.12 
0.00 
0.00 
0.12 

c.c. 

16.93 
4.09 
4.56 

25.58 

c.c. 
1.30 
0.86 
0.09 
2.25 

c.  c. 

35.09 
8.76 
8.09 

51.94 

Period. 

co^ 

CO. 

CH4. 

H. 

N. 

Total  of 
sum. 

1 

Percent. 
0.00 
0.00 
0.00 
0.00 

Percent. 
47.69 
43.49 
42.47 
46.11 

Percent. 
0.34 
0.00 
0.00 
0.23 

Percent. 
48.23 
46.69 
56.29 
49.25 

Percent. 
8.74 
9.82 
1.24 
4.41 

Percent. 

67.56 

16.86 

15.58 

100.00 

2 

3 

Su"i 

Table  31. — Complete  data  on  SO-hour  run. 


Numbei 
of  sampU 

;     CO.. 

CO. 

CH«. 

Perct, 

Perct. 

Perct. 

1 

0.23 

47.65 

0.46 

3 

.       1.28 

44.90 

0.43 

5 

0.00 

47.77 

0.79 

8 

0.47 

45.66 

0.15 

9 

.       0.16 

45.78 

0.57 

12 

0.00 

44.49 

1.01 

13 

.       0.42 

45.36 

0.42 

16 

0.32 

45.23 

0.35 

17-1... 

1.04 

43.98 

3.84 

18-1... 

1.71 

95.38 

1.21 

18-2... 

0.00 

46.11 

0.23 

H. 


Perct. 
48.66 
47.72 
48.13 
60.60 
49.17 
48.93 
51.33 
60.00 
46.59 
46.09 
49.25 


N. 

Total 
volume 
of  gas. 

Welghtof 
sample. 

Gasper 

gram 

metal. 

Perct. 

c.c. 

Ommt. 

c.e. 

3.00 

83.34 

48.3900 

1.73 

5.67 

42.20 

51.9679 

.81 

3.31 

75.79 

50.5972 

1.49 

3.12 

60.15 

47.6817 

1.34 

4.32 

66.59 

46.4439 

1.23 

5.57 

51.51 

47.0992 

1.00 

2.47 

64.06 

47.9093 

1.34 

4.10 

56.56 

47.2004 

1.19 

4.55 

52.79 

40.1734 

1.31 

5.61 

53.67 

46.3198 

1.16 

4.41 

51.94 

40.4437 

1.38 

Evolution  curves  aro  also  shown  (charts  2-12)  in  which  tho  riso 
of  pressure  per  hour  is  plotted  against  total  time  elapsed  at  1000**  C. 
The  first  hour  of  heating  is  included  in  these  curves.    It  seems  that 
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the  rate  of  eas  evolution  must  be  eaually  as  important  as  the  total 

fas  occluded  since  upon  it  depends  tne  ease  with  which  the  gas  may 
e  driven  off  in  practice.  As  an  illustration,  compare  samples  15 
and  18-1.  Sample  18-1  gave  1.16  cc.  per  gram  of  metal  and  sample 
15^  1.19  cc.  per  gram,  (m  comparing  the  evolution  exudes  it  is  very 
evident  that  sami)Ie  15  at  the  end  of  31  hours  is  yielding  gas  at  a 
rate  of  2.2  mm.  rise  of  pressure  per  hour,  whereas^  18-1  is  yielding 
gas  at  the  rate  of  0.9  mm.  rise  of  pressure  per  hour.  In  other  words. 
18-1  gave  up  its  gas  very  readily  and  at  the  end  of  the  tlurd  perioa 
was  nearly  exhausted;  15  did  not  give  up  its  gas  readily,  but  main- 
tains a  steady  output. 

Samples  1  and  3  were  cast  with  the  same  deoxidizer.  It  is  very 
evident  that  they  do  not  check.  One  gives  1.72,  the  other  0.81  cc. 
per  gram. 

Evolution  curves  for  samples  1  and  3  are  as  different  as  the  gas 
yielded  per  gram  of  metal.  Sample  1  is  yielding  gas  at  twice  the 
rate  of  sample  3  at  the  end  of  30  hours. 

Sample  6  gave  a  high  gas  yield  abo.  It  gave  off  gas  rapidly  at 
first,  did  not  fall  suddenly,  and  at  the  end  of  the  thmi  period  was 
producing  gas  at  the  rate  of  1.8  mm.  rise  in  pressure  per  hour. 

Samples  8  and  9  checked  well  in  regard  to  gas  per  gi'ani,  sample  8 
^ving  1.24  cc.  and  sample  9  giving  1.22  cc.  per  g^am.  The  evolu- 
tion curves  do  not  check  as  weH.  No.  9  did  not  vield  gas  as  readily 
as  No.  8  for  the  first  two  hours,  but  No.  8  dropped,  suddenly,  whereas 
9  dropped  more  slowly,  giving  a  very  smooth,  even  curve. 

Sample  12  yielded  1.09  cc.  per  gram.  Its  evolution  curve  resem- 
bles very  much  that  of  sample  3.  At  the  end  of  the  third  period  the 
rate  is  low  and  is  gradually  decreasing. 

Samples  13  and  15  are  also  to  be  compared;  No.  13  gives  1.34  cc. 
per  gram.  No.  15,  1.19  cc.  per  gram.  No.  13  nas  a  lower  rate  at  the 
end  of  the  third  period  than  No.  15  regardless  of  the  fact  that  No.  15 
has  yielded  at  the  end  of  30  hours  less  gas  than  sample  13.  Both  13 
and  15  have  a  high  rate  at  the  end  of  the  third  period,  which  would 
lead  one  to  think  that  at  the  end  of  100  hours,  for  example,  they 
would  ^ve  a  higher  yield  per  sram  of  metal  as  compared  witn  3  or  12 
than  would  appear  at  the  end  of  a  30-hour  run. 

Sample  17-1,  which  was  very  full  of  blowholes,  gave  1.31  cc.  per 
gram  of  metal.  Its  evolution  curve  has  a  pecuhar  form.  The  rate 
of  evolution  did  not  drop  as  suddenly  as  most  of  the  other  samples. 
Although  the  maximum  is  not  as  high  as  others,  it  is  maintamed 
longer.    At  the  end  of  the  third  period  the  rate  was  still  rather  high. 

Samples  18-1  and  18-2  gave  1.16  and  1.28  cc.  per  gram.  Their 
evolution  curves  are  very  much  alike  and  show  a  low  rate  at  the  end 
of  the  third  period. 

An  inspection  of  the  assembled  data  brings  out  many  interesting 
observations,  a  few  of  which  can  be  mentioned. 

Samples  8  and  9  not  only  check  as  to  volume  of  gas  per  gram,  but 
also  as  to  composition  of  gas:  00,  45.66  per  cent  and  45.78  per  cent; 
H,  60.60  per  cent  and  49.17  per  cent.  The  hydrogen  is  higher  in 
this  series  than  in  any  other  excepting  samples  13  and  15. 

Samples  13  and  15  both  run  over  50  per  cent  hydrogen,  which  is 
very  high,  their  CO  contents  checking  at  45.36  and  45.23. 

424ei**— 17 2& 
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The  following  table  may  be  of  some  interest.  Colunm  1  has  the 
samples  arranged  in  order  of  volume  given  off  per  gram.  Column  2 
has  the  samples  arranged  in  order  of  per  cent  H;  column  3,  in  order 
of  per  cent  00: 

Tablb  32. 


Vdiomepwcrein, 
decraesixig  from 

Per  cent  H, 
decreasing  from 

Per  cent  CO, 
decreasing  from 

top  to  bottom. 

top  to  bottom. 

top  to  bottom. 

1 

13 

5 

6 

8 

1 

13 

15 

18-2 

17-1 

18-2 

9 

18 

0 

8 

8 

12 

18-1 

0 

1 

13 

15 

5 

16 

18-1 

8 

8 

12 

17-1 

12 

S 

18-1 

17-1 

These  figures  appear  without  any  apparent  relation,  but  a  little 
order  canbe  brougnt  into  the  chaos  fts  follows: 

Sample  1  can  be  rejected,  as  its  evolution  curve,  as  well  as  the 
volume  per  gram,  seems  irregular.  Taking  the  means  of  the  various 
groups  of  ingots  with  the  same  deoxidizer  and  arranging  in  order 
of  cc.  per  gram,  we  have: 

Tablb  33. — Relative  order  of  ingots  as  tegards  gaeee  evolved. 


Ingot  nnmber. 

Cc  per  gram, 

decreasing 
fhim  top  down. 

Deozidiser  used. 

5 

1.49 
1.31 

1.27 
1.23 
1.22 

1.00 
0.81 

F*-]fn. 

Raw      conTwter 

metal. 
Al 

Fe-Tl  (carbonless). 
Steel  without  de- 

oxidiier. 
Fe-S! 
Pe-C-T! 

17-1 

(18  and  15) 

(8and0) 

(18-1.18-2) 

12 

3 

Evidently,  if  any  valuable  conclusions  are  to  be  drawn  from  gas 
extraction  work,  there  must  be  many  more  tests  made  from  vari- 
ous parts  of  the  ingot. 

Comparing  the  average  of  ingots  13  and  15  made  with  aluminum 
in  these  experiments  and  ingots  18-1  and  18-2,  representing  steel 
without  any  special  deoxidi^r  besides  the  f  erro-siucon  and  f  erro- 
manganese  necxied  for  the  analysis  sought,  we  find  that  steel  with 
aluminum  gave  1.27  total  gases  per  gram  of  steel,  while  the  steel 
without  aluminum  gave  1.22  total  gases  per  gram  of  steel,  whereas 
it  will  be  remembered  that  Baker's  steel  with  aluminum  gave  1.33 
cc.  total  gases  per  gram  of  steeL  while  his  unsound  steel  gave  0.665 
total  gases  per  gram  of  steel.  It  should  be  added  that  Baker  tried 
as  far  as  possible  to  open  all  the  blowholes  in  his  unsoimd  steel  and 
let  out  the  gases  contained  in  the  holes,  while  no  attempt  was  made 
to  do  this  m  these  experiments.  It  should  also  be  noted  that  the 
raw  converter  metal,  while  very  unsoimd,  gave  1.31  cc.  total  gases 
per  gram  of  steel,  or  more  than  any  of  the  other  ingots  with  the 
exception  of  ingot  6  made  with  f  erro-manganese  as  a  deoxidizer. 


804  DEOXIDATION  OP  STEEL. 

DISCUSSION   OF   BESHLTS. 

The  prdimmary  experiments  indicate  the  possibility  of  better 
restdts  obtained  from  adding  the  deoxidizer  to  the  raw  converter 
metal  before  recarburization.  This  is  a  radical  change  from  com- 
mon practice,  but  the  iadications  are  plain  that  sucH  a  method  mi^t 
lead  to  valuable  results. 

The  resvlts  of  experiment  1 ,  where  no  recarburizer  was  added,  show 
a  distinct  difference  in  the  effect  of  the  different  deoxidizeis  and 
also  a  difference  in  the  various  proportions  of  the  same  deoxidizer, 
Oiart  1  and  the  photographs,  figures  11-28,  show  this  plainly. 

Experiment  2, — ^It  is  not  entirely  certain  that  the  best  proportion 
of  each  deoxidizer  was  used  in  this  experiment,  but  some  limit  bad 
to  be  drawn  as  to  the  number  of  proportions  tried  in  experiment  1. 
In  two  cases  (Fe-O-Ti  and  Fe-Ti  carbonless)  the  proportion  used 
was  that  recommended  by  the  manufacturers  in  addition  to  being 
the  proportion  giving  the  soundest  ingots  in  experiment  1|  while 
the  proportion  of  aluminum  (0.14  per  cent  or  about  45  ounces  per 
ton  of  steel)  is  about  one  and  a  half  times  as  much  as  the  laigest 
percentage  of  aluminum  recommended  by  the  manufacturer,  al- 
though from  chart  1  it  will  be  seen  that  0.2  per  cent  aluminum,  which 
was  the  amount  aimed  for  in  experiment  2,  gave  an  average  relative 
density  of  over  7.93.  For  silicon  and  manganese  no  recommenda- 
tions could  be  obtained  from  manufacturers,  and  proportions  recom- 
mended by  various  metallurgists  were  used  in  expernnent  1  and  the 
proportion  giving  the  soundest  ingots  in  that  experiment  was  used 
m  experiment  2. 

As  in  the  preliminary  experiments,  the  raw  converter  metal  was 
comparatively  free  from  blowholes  (see  figs.  1,  5,  and  35).  All  of  the 
ingots  in  experiment  2  except  17  and  18  were  much  sounder  than  those 
in  experiment  1,  as  might  have  been  expected. 

Density. — Both  the  density  and  the  specific^  gravity  tests  were 
rather  disappointing.  To  obtain  good  results  in  measurements  of 
density  it  is  beUeved  that  ingots  must  be  weighed,  either  with  the  pipe 
left  open  or  after  cropping  off  the  piped  portion.  In  experiments  like 
the  present  one,  specific  gravity  tes^  from  small  specimens,  unless 
taken  from  many  places  in  the  same  ingot  and  averaged,  are  of  little 
value. 

Tensile  tests. — It  will  be  noticed  from  Tables  13  and  15  that  the 
order  of  the  deoxidizer  as  regards  tensile  strength  is  exactly  the  same 
whether  taken  from  the  annealed  cast  metal  or  the  annealed  forged 
metal,  although  of  course  the  actual  strength  figures  are  much 
higher  in  the  forged  material  than  in  the  cast  condition.  The 
elongation  figures  do  not  check  so  well,  but  again,  as  would  be  expect^i 
those  for  the  forged  metal  are  much  superior  to  those  of  the  cast  metal- 

Impact  tests. — ^The  annealed  forged  steel  is  also  much  more  resistant 
to  impact  shocks  than  the  annealed  cast  steel,  but  the  relative  order 
of  the  deoxidizers  as  regards  the  Charpy  tests  is  almost  diametrically 
opposite  in  the  cast  ana  forged  material. 

Se^egaiion. — ^There  is  little  doubt  as  to  the  proper  order  of  the 
deoxidizer  as  regards  its  influence  on  carbon  segregation  so  f ar  aa 
these  tests  went  (see  Table  18). 

Gas  extraction  tests. — ^Baker's  results,  showing  a  large  difference 
between  the  gases  given  off  from  steel  with  and  without  aluminumt 
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were  not  checked  in  these  experiments  although  the  conditions  were 
somewhat  different. 

It  is  not  clear  that  the  steel  which  gives  off  the  most  pases  in 
such  a  gas  test  as  this  is  necessarily  the  most  sound  or  the  most 
unsound  material.  Practically  all  of  the  gas  test  pieces  in  this  ex- 
periment were  sound  on  the  outside  at  least  and  the  identical 
pieces  used  for  tlie  specific  CTavity  tests  (Table  11)  were  used  in  the 
gas  tests,  yet  there  is  no  mrect  relation  shown  between  these  two 
tests;  for  mstance,  the  ingots  cast  with  Fe-Ti  carbonless  gave  the 
highest  average  specific  gravity,  while  the  samples  with  Fe-Am  and  Al 
additions  boui  gava  out  more  gases.  There  are  two  cases  where 
deoxidizers  might  affect  the  evmution  of  gases;  (1)  in  the  molten 
steel  and  (2)  in  the  steel  during  solidification.  An  ideal  deoxidizer 
presumably  would  be  one  which  would  allow  the  maximum  amount 
of  gases  to  be  given  off  from  the  molten  steel  while  preventing  such 

fases"  as  remained  in  the  steel  from  being  given  off  during  soUdification. 
t  is  not  clear  that  the  tests  which  have  been  made  are  a  measure  of 
the  influence  of  the  deoxidizers  in  either  of  the  above  cases,  for  they 
give  no  information  as  to  the  relative  amount  of  gases  evolved  from 
the  molten  steel  and  from  the  steel  during  soUdification.  The  tests 
do  show,  however,  that  some  of  the  deoxidizers,  notably  Fe-Mn  and 
Al,  do  favor  the  retention  in  solid  solution  of  such  gases  as  remain  in 
the  steel  after  it  has  begjun  to  soUdify. 

Microscopic  examination. — Prdimmary  microscopic  examination 
was  made  from  the  tensile  test  specimens,  which  showed  a  con- 
siderable amoimt  of  slag  present,  as  might  have  been  expected  from 
the  small  size  of  ingot  used  and  oecause  no  special  precautions  were 
taken  in  pouring  to  keep  the  slag  out  of  the  mold.  The  irregularity 
of  the  slag  has  doubtless  affected  the  physical  properties,  and  a  great 
many  more  physical  tests  should  be  made  from  these  ingots  if  valuable 
conclusions  are  to  be  drawn  from  them.  It  is  hoped  to  make  further 
microscopic  examination  with  a  view  to  throwing  more  light  on  the 
irregularity  of  the  phjrsical  tests  in  experiment  2,  out  the  results  will 
have  to  be  published  in  a  later  report. 

Cost,  of  deoxidizers. — ^The  question  of  cost  is  of  great  interest  to  the 
manufacturer.  The  following  table  (34)  will  show  the  relative  cost 
of  the  deoxidizers  per  ton  of  steel.  The  normal  price  of  the  deoxi- 
dizers rather  than  me  war  price  is  used,  although  the  author  reaUzes 
that  prices  of  ferro-manganese  and  aluminum  have  been  almost 
triplea  during  1915. 

Table  34. — Calculation  of  cost  of  deoxidizers  per  ton  ofateel. 

[Based  on  experiment  2.] 


Deorldtwr. 


Fe-C-TI 

Fe-Mn 

Fe-Ti,  carbonless. 

Fe-fli 

Al 


Ounces 

deoxidicer 

used  per 

ton  of 
steel (see 
Table  9). 


212 
108 
12S 
228 
45 


Nonnal  price  of  deoxldixer. 


SO.  10  per  poond 
S39.66perton.., 
S0.30  per  iMrand. 
$71.12  per  ton.., 
S0.19  per  poond. 


Cost  of 
deoxldixer 
per  ton  of 

•teeL 


IL88 

.21 

2.31 

.51 

.56 
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Density  as  measured  hy  the  number  ofhhtbholes  in  vertical  sections, 
figures  SOS^y  inclusive. — ^Ignoring  the  pipe,  the  density  as  measured 
by  the  lack  of  blowholes  in  the  vertical  sections  of  the  ingots  gives 
the  following  order,  No.  1  being  the  group  of  in^ts  most  free  from 
blowholes.  In  the  same  table  is  given  the  relative  order  of  deozi- 
dizer  as  regards  influence  on  piping. 

Table  35. — Order  ofdeoxidizen  a$  regards  soundness  and  piping. 


D6(nddlz«r. 

Rektiye  ord«r 

ofdeoxidiEiT 

aszeeards 

•oondiMSB. 

RektfvB  order 

of  deozidlter 

asnoids 

pt]Ai«. 

Fe-C-TL 

4 
5 
S 
3 

1 

»1 

4 
5 
2 
3 

Fi^Mn 

Fe-Ti,  carbonless 

Fe-SI.- 

Al 

I  TlM  groap  of  Ingots  with  the  smallest  pipe  is  dflslgnatod  as  No.  L 

CONCLUSIONS. 

It  was  not  to  be  exp^ted  that  any  very  startling  difference  would 
be  noticed  in  the  action  of  the  deoxidizers  tested.  If  there  were 
such  a  difference,  it  is  reasonable  to  suppose  that  manufacturers 
would  be  more  unanimous  in  choosing  one  or  more  of  them  to  the 
exclusion  of  the  others. 

The  evidence  obtained  in  these  experiments,  either  on  account  of 
the  small  number  of  tests  or  because  of  experimental  difficidties,  is 
not  conclusive,  but  the  results  of  the  various  tests  are  collected  below 
in  Table  36  and  give  a  graphic  idea  of  the  influence  of  the  deoxidizers 
tested.  Hieir  rdative  merits,  however,  depend  so  much  on  iust  what 
is  sought  in  the  steel  that  each  manufacturer  must  really  aecide  for 
himself  which  deoxidizer  will  best  suit  his  needs. 


Table  36. — Relative  order  o/deoxiduere  as  regards  their  various  influences. 


1 


Order  of  deoxldlser  in  regard  to  influence  on  < 


Density  (Table  10) 

Speciflo  gravity  (Table  11) 

Soondnees  (Tabb  85) 

Piping  (Tabto  35) 

Tensilastrength,  castoondition  (Table  13) 

Elongation,  cast  condition  (Table  13) 

Tensflestrangth,  forged  condition  (Table  15). . . 

Elongation,  forged  condition  (Table  15) 

Ctaarpy  test,  cast  condition  (Table  16) 

Charpy  test,  fornd  condition  (Table  17) 

Carbon  segreeatlon  ( Table  18) 

Cost  of  deozioiiar  per  ton  of  steel  (Table  34) 


Fe-C-TL 


1 

2i 

4 

1 
2 
1 
2 

4 
2 
5 
2 

4 


Fe-Mn. 


5 

4 
5 
4 
8 
8 
8 
5 
3 
3 
1 
1 


Fe-Ti, 
oarbon- 


2 
1 
8 
< 
4 
5 
4 
2 
6 
2 
8 
5 


Fe-SI. 


AL 


8 
9 


1  The  group  of  ingots  with  the  smallest  pipe  is  designated  as  No.  1. 

For  a  direct  comparison  of  the  density  and  the  specific  gravity,  the 
results  given  in  Tables  10  and  11  are  repeated  below  in  Table  37, 
together  with  the  mean  of  the  two  figures. 
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Tablb  37. — Compariaon  ofdentity  and  specific  gravity  figures. 

[Experiment  2.) 


Fe-C-TI. 

• 

F»-Mn. 

Fe-Tl, 

oerbcm- 

less. 

Fe-SL 

Al. 

RelAtiye  density  (T&ble  10) 

7.86 
7.760 

7.76 
7.763 

7.82 
7.773 

7.77 
7.746 

7.70 
7.760 

Specdte  c»TlV(1^abW  U)r. .  .1  ~ .' ~  I  ^  1  ^  ^  I  ~  ~ .  1 . . 

IfMHI .... 

7.81 

7.767 

7.70 

7.768 

7.78 

42461^—17 2i 
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PHTSICAL  TEST  OF  FOTJB  LOTS  OF  VITBOCBLLniOSB  POWDEB* 

A  sample  from  1  grain  of  each  lot  was  prepared  for  the  physical 
test  described  on  page  25,  Ordinance  Pam^et  No.  450,  which  reads 
as  follows: 

Normal  grains  will  be  taken  and  both  ends  cut  off  at  right  angles  to  the  length  until 
engm  ^^  These  pieces  are  accurately  measured  for  length,  and  then  slowly  com- 
pressed between  parallel  surfaces  until  the  first  crack  appears.  The  pressure  is  then 
removed  and  the  grain  again  measured.  The  decrease  m  length  necessary  to  crack 
the  grain  is  calculated  to  per  cent  of  original  length.  The  average  compression  must 
not  be  below  35  per  cent. 

The  test  was  made  on  the  laige  testing  machine,  and  the  force 
required  to  compress  the  samples  was  recorded  for  each  0.05-inch 
compression.  The  force  required  to  compress  the  samples  from  the 
other  three  lots  were  recorded  for  eadi  O.Ol-inch  compressioii.  The 
results  were  as  follows: 


Sample. 

Original 
length. 

Com- 
pressiOD. 

Com- 
presslon. 

A-12".... 
B-12".... 
C-14".... 
I>-12".... 

Inch. 

0.790 

.840 

.802 

.778 

Inch, 

9.39 

.39 

.400 

.33 

Pereeta, 
49.3 
46.3 
49.8 
4X4 

The  compres^ons  were  determined  by  measuring  the  movement 
of  the  heads  of  the  machine  and  are  somewhat  higher  than  would  be 
obtained  by  measuring  the  grains  after  removing  the  load,  as  in  each 
case  the  grain  expanded  somewhat  when  the  load  was  removed. 

Each  grain  was  compressed  somewhat  fiurther  than  was  required 
to  produce  the  first  crack. 

oample  A  developed  four  cracks,  two  of  which  lay  in  a  plane 
througn  the  center  hole  and  passing  about  10^  from  two  opposite 
outer  holes.  One  of  the  remaining  cracks  was  in  a  plane  throu^  an 
outer  hole  and  was  conseauently  80^  from  the  first  plane,  ana  the 
other  was  about  60°  on  tne  other  side  of  this  plane,  ana  was  20^ 
from  one  of  the  outer  holes. 

Sample  B  developed  one  large  crack  about  10°  from  a  plane  pass- 
ing through  three  holes. 

Bample  C  developed  two  cracks  120°  apart,  and  with  the  center 
hole  each  determined  a  plane  bisecting  the  sides  of  a  hexagon  formed 
by  joining  the  six  outer  holes. 

Sample  D  developed  two  cracks  lyin^  in  a  plane  passing  through 
the  center  and  two  outside  opposite  holes. 

In  each  lot  of  powder  the  cracks  appeared  at  the  outside  only, 
and  could  in  no  case  be  traced  as  far  in  as  the  outer  holes.    It  was 
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considered  that  the  other  grains  intended  for  duplicating  this  test 
could  be  used  to  better  advantage  otherwise,  and  the  test  was  not 
repeated. 

Since  the  energy  required  to  compress  a  grain  until  it  cracked  was 
about  150  foot-pounds,  it  was  thought  well  to  apply  about  one-third 
this  amount  of  energy  in  the  shock  test. 

A  freight  of  10  pounds  was  accordingly  dropped  5  feet  on  a  cylin- 
der vrhose  height  was  equid  to  its  diameter  prepared  from  a  gram  of 
sample  C 

The  sample  was  not  broken  and  was  but  slightly  compressed. 
Small  cracks  were  developed  in  the  grain,  some  of  which  radiated 
from  the  center  hole  and  connected  it  with  the  outer  holes  and  some 
of  which  connected  outer  holes  or  nuliated  from  them  toward  the 
outer  surface  of  the  ^ain.  The  location  of  the  cracks  do  not  admit 
of  a  more  accurate  description. 

It  was  evident  that  more  energy  should  be  applied  for  this  test. 
It  was  noted  tiiat  the  character  of  the  cracks  developed  was  entirely 
di£Ferent  from  that  developed  by  the  compression  test  in  the  testing 
machine. 

In  the  shock  test  the  cracks  were  in  the  center  of  the  grain,  and 
none  was  visible  on  the  outside  cvlindical  surface,  while  in  the  test- 
ins  machine  compression  the  cracks  started  on  the  outside  only,  and 
did  not  penetrate  deeply. 

A  weight  of  10  pounds  was  dropped  14  feet  5  inches  on  a  sample 
of  B.  The  energy  absorbed  by  this  grain  was  approximately  the 
same  as  that  reqmred  to  compress  a  similar  sample  0.39  inch  m  the 
testing  machine.  TTie  grain  was  compressed  about  0.11  inch,  or  less 
than  one-third  as  much  as  the  grain  compressed  in  the  testing  machine. 
One  crack  through  the  center  and  two  opposite  outside  holes  was 
plainly  visible  entirely  across  the  upper  end  and  from  the  two  out- 
side holes  through  the  middle  hole  on  the  bottom  end.  In  addition 
to  this  large  crack  on  the  top  end,  there  was  one  extending  from  the 
central  hole  to  one  of  the  outer  holes,  making  an  angle  of  60^  with 
the  large  crack,  and  on  the  bottom  there  were  two  such  cracks. 

The  general  appearance  of  the  grains  subjected  to  a  blow  on  the  end 
would  mdicate  a  brittle  interior  neld  together  by  a  tough  skin. 

A  sample  of  A  was  then  given  the  same  test.  The  original  length 
was  0.840  inch,  and  it  was  compressed  0.132  inch.  Two  cracks  r^i- 
ating  from  the  center  joined  the  central  hole  with  outer  holes  on  each 
end,  but  no  crack  extended  further  than  the  outer  holes. 

A  sample  of  D  was  then  given  the  same  test.  Original  length,  0.798 
inch;  compression,  0.15  incn.  Cracks  radiating  from  the  central  hole 
to  each  of  the  outer  holes  and  extending  almost  to  the  surface  devel- 
oped in  this  grain,  and  the  cracks  were  more  numerous  and  larger 
than  in  either  of  the  other  two  samples  tested  at  14  feet  6  inches.  ^ 

Judging  by  this  test  alone  the  C  and  D  powders  seemed  more  brit- 
tle than  either  of  the  other  two. 

The  weight  was  then  raised  to  22  feet  1 1  inches,  and  dropped  suc- 
cessively on  the  end  of  samples  from  each  lot,  with  the  following 
results: 

Sample  A,  original  length,  0.825  inch;  compression  0.212  inch. 
Kadiating  cracks  on  each  end  from  center  hole  to  each  of  outer  holes : 
one  of  these  cracks  extended  beyond  outer  hole  almost  to  surface  of 
grain.    In  addition  to  the  intenor  two  exterior  cracks  developed  on 
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opposite  sides  of  the  grain.    The  exterior  cracks  did  not  lie  in  the 
plane  of  any  of  the  interior  cracks  and  did  run  into  them. 

Sample  B,  original  lengthy  0.852  inch;  compression,  0.218  inch. 
One  large  crack  extending  entkely  across  the  grain  through  central 
and  two  opposite  outside  holes  top  and  bottom  and  completely  divid- 
ing the  gram  into  two  parts,  except  for  a  small  section  on  each  side 
of  the  grain  midway  of  its  length.  In  addition,  cracks  radiated  from 
the  central  hole  to  each  of  the  outer  holes,  but  did  not  extend  beyond 
in  any  case. 

Sample  C,  original  length,  0.797  inch;  compression,  0.265  inch. 
Crack  radiating  from  the  central  hole  and  connecting  it  with  most  of 
the  outer  holes  at  both  ends  developed.  One  or  two  of  these  cracks 
extended  beyond  the  outer  holes,  but  none  reached  the  outer  sur- 
face of  thejgrain. 

Sample  D,  original  length,  0.808  inch;  compression,  0.277  inch. 
The  description  of  the  preceding  sample  appUes  to  this  one,  except 
that  the  cracks  were  sUghtly  larger  and  extended  nearer  the  siuf  ace 
of  the  grain,  although  none  reached  the  surface. 

The  end  conipression  tests,  both  static  and  dvnamic,  failed  to  show 
any  marked  dinerence  between  the  lots  of  powder  examined,  although 
the  appearance  of  the  ^ains  of  the  lots  C  and  D  subjected  to  the 
dynamic  test  seemed  to  mdicate  that  these  powders  were  more  brittle 
on  the  interior  than  were  the  other  powders  tested.  This  test  alone 
is  considered  inconclusive. 

In  view  of  the  results  later  obtained  with  grains  subjected  to  a  side 
compression  test  it  is  well  to  note  here  that  about  150  foot  pounds 
energy  was  required  to  compress  a  grain  slowly  until  cracks  devel- 
oped/and  the  appUcation  of  220-foot  pounds  as  a  blow  did  not  cause 
the  ^ains  to  break  apart. 

A  cylindrical  specimen,  the  height  of  which  was  equal  to  its  diam- 
eter, was  then  turned  from  a  gram  from  each  lot  and  subjected  to  a 
lateral  conipression  test  in  the  large  testing  machine.  Each  speci- 
men was  placed  between  the  heads  of  the  machine  so  that  a  plane 
through  the  central  and  two  opposite  holes  was  parallel  to  the  axis  of 
the  machine.  The  restdts  were  as  follows: 
Sample  A,  original  diameter.  0.790  inch: 

tbmpression  of  0.01  incn  required  a  load  of  500  pounds. 

Compression  of  0.02  inch  required  a  load  of  890  pounds. 

Compression  of  0.03  inch  required  a  load  of  1,120  pounds. 

Compression  of  0.04  inch  required  a  load  of  1,320  pounds. 

Compression  of  0.043  inch  required  a  load  of  1,360  pounds. 
Cracked  in  a  plane  parallel  to  axis  of  machine  and  through  central  and 
two  opposite  holes.    Compression  stopped  when  crack  developed 
and  pieces  did  not  fall  apart. 
Sample  B,  original  diameter.  0.829  inch:' 

tJompression  of  0.01  incn  required  a  load  of  250  poxmds. 

Compression  of  0.02  inch  required  a  load  of  750  poimds. 

Compression  of  0.029  inch  required  a  load  of  960  pounds. 
Cracked  in  plane  parallel  to  axis  of  machine  and  through  central  and 
two  opposite  holes.    Pieces  did  not  fall  apart. 
Sample  C,  orig^ial  diameter,  0.779  inch: 

Compression  of  0.01  inch  required  a  load  of  800  pounds. 

Compression  of  0.02  inch  required  a  load  of  700  pounds. 

Compression  of  0.03  inch  required  a  load  of  890  pounds. 

Compression  of  0.036  inch  required  a  load  of  1,010  pounds. 
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Broke  with  considerable  noise  in  plane  parallel  to  axis  of  machine 
and. through  central  and  two  opposite  holes.  One  half  of  grain  flew 
some  distuice  when  crack  developed.  The  cleavage  planes  between 
adjoining  holes  in  the  break  and  between  the  outer  noles  and  the  out- 
side of  the  grain  were  all  parallel  and  inclined  about  15°  to  the  gen- 
eral direction  of  the  line  of  break  of  the  two  halves.  This  phenomena 
was  noted  in  several  grains  of  lot  D  that  were  broken  by  lateral  com- 
pression,  and  in  this  one  grain  of  lot  C.  In  all  other  grains  cleavage 
planes  were  parallel  to  the  general  direction  of  the  break. 

Sample  D,  ori^al  diameter.  0.764  inch: 

Compression  of  0.01  incn  required  a  load  of  300  pounds. 
Compression  of  0.02  inch  required  a  load  of  700  pounds. 
Compression  of  0.026  inch  required  a  load  of  820  pounds. 
This  grain  broke  in  a  plane  parallel  to  the  axis  of  the  machine  and 
through  the  central  and  two  opposite  holes. 

Arranged  in  order  of  toughness  as  indicated  by  this  test  the  lots 
were  A,  C,  B,  and  D.  The  energy  required  to  develop  a  crack  was 
about  1-foot  pound  as  compared  with  150-foot  poimds  in  the  end  com- 
pression test. 

A  similar  sample  was  prepared  from  B  and  a  weight  of  10  pounds 
dropped  on  the  side  of  the  sample  from  a  height  m  6  inches.  Tlie 
gram  was  broken. 

A  weight  of  10  poimds  was  dropped  from  a  height  of  4  inches  on 
samples  of  D  and  C,  and  it  broke  the  grains. 

Arrangements  were  then  made  to  drop  a  weight  of  1  poimd  from 
various  heights  on  samples  prepared  as  before.  This  weight  was 
dropped  in  succession  on  samples  from  each  lot  from  a  height  of  16f 
inches  with  the  following  Tesults. 

A. — No  crack  of  any  kind  developed. 

B. — ^Very  small  crack  developed  from  one  of  outside  holes  to  sur- 
face of  gram  for  a  short  distance  at  one  end.     No  other  effects  visible. 

C. — Grain  broke  in  two  large  pieces  and  two  slivers. 

D. — Grain  broke  into  two  large  pieces  and  one  sliver.  Cleavage 
planes  parallel  and  inclined  15°  to  general  direction  of  break. 

This  weight  was  then  dropped  from  a  height  of  25^  inches  on  a 
sample  of  each  lot  in  succession  with  the  following  results: 

A. — Cracked  entirelv  across  at  one  end.  Crack  extended  almost 
the  entire  length  jof  the  grain. 

B.— Grain  had  exactly  the  same  appearance  as  the  one  from  A. 

C. — ^Broke  into  two  large  parts  ana  one  sUver. 

D. — Broke  into  two  large  parts  and  some  sUvers.  Cleavage  planes 
inclined  15^  to  general  <urection  of  break. 

While  the  tests  up  to  the  one  described  have  indicated  that  C  and  D 
were  perhaps  slightly  more  brittle  than  the  others,  the  result  of 
this  test  enables  us  to  say  without  hesitation  that  when  subjected  to 
lateral  shock  C  and  D  are  decidedly  more  brittle  than  the  other  two 
powders  examined. 

It  was  decided  best  to  test  the  grains  in  the  Charpy  impact  ma- 
chine in  their  original  condition  rather  than  to  turn  them  to  true 
cylinders.    The  following  results  were  obtained: 

1st  sample  C »  69.  2  foot-pounds  enei^  absorbed. 
2nd  sample  C=  66.  6  foot-pounds  energy  absorbed. 
1st  sample  D»  53.  7  foot-pounds  energy  absorbed. 
2nd  sample  D  —  35. 8  foot-pounds  energy  absorbed. 
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1st  sample  B  » 102. 8  foot-pounds  enei^  absorbed. 
2nd  sample  B»  51.  05  foot-pounds  energy  absorbed. 
1st  sample  A  =  90. 9  foot-pounds  energy  absorbed. 

On  the  second  and  third  attempts  to  break  a  grain  of  A,  the  grain 
was  cut  in  two  pieces  by  the  edge  of  the  ax,  and  one  piece  v^-raged 
between  an  inclined  part  of  the  ax  and  the  side  of  tne  fraxne  and 
stopped  the  ax,  so  that  no  readings  were  obtained.  This  in  itself 
indicates  a  tough  powder. 

This  testy  whne  not  furnishing  results  entirely  consistent,  show  in 
a  general  way  that  the  C  and  D  powders  do  not  offer  as  much  resist- 
ance in  such  a  test  as  do  the  other  two  lots  tested.  This  test  is  be- 
Ueved  of  doubtful  accuracy  as  made,  on  account  of  the  tendency 
of  fragments  to  retard  or  entirely  stop  the  ax  after  the  grain  had 
been  shattered.  The  Charpy  machine,  it  is  believed,  could  be 
modified  so  as  to  overcome  this  difficulty. 

After  tibe  discovery  of  the  peculiar  cleavage  planes  of  powder  D, 
an  effort  was  made  to  discover  indications  oi  planes  of  weakness  in 
this  powder  before  it  was  submitted  to  any  stress.  None  could  be 
detected. 

b&3um£. 

(1)  The  relation  between  the  energy  required  to  crack  a  grain  of 
powder  by  end  and  bv  lateral  compression  is  apparently  about  200 
to  1.  After  making  due  allowance  for  the  reduction  in  area  on  ac- 
count of  the  three  holes  lying  in  the  same  plane,  this  indicates  very 
poor  bond  or  welding  between  adjacent  longitudmal  fibers. 

(2)  Since  the  resistance  to  lateral  compression  is  the  critical  one, 
it  is  thought  the  powder  specifications  should  be  revised  to  provide 
for  such  a  test  for  cannon  powders. 

(3)  The  Charpy  impact  machine  affords  a  test  indicative,  in  a  gen- 
eral way,  of  the  relative  britUeness  of  powders.  It  is  believed  the 
machine  might  be  modified  so  as  to  give  consistent  and  satisfactory 
results. 

(4)  The  simple  expedient  of  dropping  a  weight  of  about  1  pound 
on  the  side  of  a  powder  gram  afforos  a  reliable  and  certain  method 
of  determining  its  brittleness. 

(5)  It  is  beueved  weQ  established  that  of  the  four  lots  of  powder 
lots  C  and  D  are  comparatively  brittle,  and  lots  A  a^d  B  are  com- 
parativeljr  tough.  It  would  be  interesting  to  note  which  of  these 
powders,  if  any,  have  given  abnormally  high  pressures. 


SXPBSIKSHT  TO  DETESMIVB  THE  FEASIBHITT  OF  MAKIVO 
PHOTOMICBOOBAPHS  OF  SMOKELESS  POWDEB  GBAIVS. 


OBJECT. 

The  object  of  the  herein-reported  experiment  was  to  determine  the 
apparatus  and  arrangements  necessary  to  make  photomicrographs  of 
smokeless  powder  grains. 

CONCLUSIONS. 

It  was  f omid  that  satisfactory  photomicrographs  could  be  obtained 
of  smokeless  powder  grains,  botn  by  reflected  and  by  transmitted 
light.  By  satisfactory  photomicrographs  is  meant  that  the  pictures 
obtained  are  good  as  to  clearness,  lighting^  effect,  and  detail.  It 
seems  probable  that  with  sufficient  study  and  investigation,  an  intel- 
ligent and  valuable  interpretation  of  the  structures  could  be  made, 
wough  this  laboratory  has  made  no  effort  at  interpreting  the  struc- 
tures. 

GENERAL. 

The  following  lots  of  smokeless  powder  were  received  from  Pica- 
tinny  Arsenal: 

12  grainB,  PicatinDy  Areenal,  lot  134-1914,  for  12-mch  gun. 

12  grainB^icatiimy  Areenal.  lot  164-1914,  for  12-iiich  gun. 

6  grains,  X  lot  6-1905,  for  12-inch  gun. 

24  grains,  Picatinny  Anenal,  lot  155-1914,  for  3-inch  field  gun. 

24  grains,  Picatinny  Arsenal,  lot  156-1914,  for  3-inch  field  gun. 

24  grains,  Y,  lot  169-1914,  for  3-inch  field  gun. 

24  grains,  Y,  lot  170-1914,  for  3-inch  field  gun. 

BnCBOSGOPE. 

The  microscope  with  which  the  attached  photomicrographs  were 
made  is  a  Leitz  micrometallograph  equipped  with  a  photomicro- 
graphic  camera.  It  is  the  instrument  regularly  used  in  this  laboratory 
for  metaUographical  investigations.  I^otograph  No.  1  shows  this 
microscope.  There  are  on  the  market  several  makes  of  microscopes 
equippea  for  photographic  work,  with  which  it  is  believed  satisiac- 
torv  results  could  be  obtained. 

oeven  photomicrographs  of  powder  grains  are  attached  hereto. 
Nos.  2f  3,  and  4  were  taken  with  reflectedli^ht,  while  Nos.  5,  6,  7,  and 
8  were  taken  by  transmitted  light.  In  taking  those  by  reflected  light 
the  Leitz  instrument  was  arranged  as  shown  in  photograph  No.  1 
with  the  mirror  M  and  its  support  removed.    In  taking  pnotomicro- 

Saphs  Nos.  5,  6.  7,  and  8  by  transmitted  light,  however,  the  mirror 
was  used.  The  adjustable  arc  A  was  elevated  so  that  it  threw  a 
horizontal  beam  on  the  mirror.  This  beam  was  reflected  vertically 
tnrough  the  specimen  into  the  microscope.  The  prism  illumiuator  P 
used  for  illuminating  the  specimen  by  reflected  light  was  removed 
when  examination  was  made  by  transmitted  light. 
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l»BEPABATION  OF  SPECIMENS. 

The  preparation  of  the  specimen  is  a  very  important  process, 
whether  the  exanunation  is  to  be  by  transmitted  or  reflected  light. 
After  numerous  trials  it  was  found  that  the  best  method  of  producing 
a  satirfactory  surface  for  microexamination  was  by  pohshing  the 
specimen  in  a  manner  similar  to  that  used  in  preparing  metallic 
specimens.  For  examination  by  reflected  light,  the  powder  ^rain 
was  turned  or  planed  to  a  smootn  surface.  It  was  then  successively 
polished  with  XF   alundum,   levigated   alun^a,   and  best   grade 

Ieweler's  rouge,  being  polished  with  each  abrasive  until  the  scratches 
eft  by  the  preceding  one  had  been  eliminated.  This  laboratory  is 
equipped  with  a  special  machine  for  polishing,  on  which  the  various 
abrasives,  made  up  with  water  to  a  thick  paste,  are  carried  on 
horizontal  disks  rotating  about  1,000  revolutions  per  minute.  The 
specimen  is  held  in  light  contact  with  each  disk  in  turn  until  the  proper 
oegree  of  polish  is  obtained.  In  Ueu  of  a  polishing  machine,  a  satis- 
factory polish  can  be  obtained  by  hand  polishing  on  broadcloth  pads 
carrying  the  above-named  abrasives  in  tne  form  of  a  paste. 

Specimens  for  examination  by  transmitted  light  were  prepared  by 
first  turning  off  very  thin  slices  in  a  lathe.  These  were  then  polished 
on  both  sides  as  before  described,  being  held  by  means  of  a  small 
coimtersunk  piece  of  steel  made  for  this  purpose.  The  specimens 
which  were  prepared  by  this  method  were  0.020  inch  thick. 

One  difficulty  exprienced  in  the  polishing  was  that  if  too  great 
pressure  was  exerted  on  the  specimen  while  in  contact  with  the  po»ish- 
mg  dis^,  a  chemical  change  took  place  on  the  surface  of  the  powder 
grain  with  the  appearance  of  a  yellowish  film. 

DESCBIFTION   OF  PHOTOMICBOGBAPHS. 

Photomicrograph  No.  2  shows  a  cross  section  of  a  light-colored 
grain  from  lot  No.  164.  It  was  taken  after  the  specimen  had  been 
pohshed  with  rouge.    A  well  defined  structure  is  apparent. 

Micrograph  No.  3  shows  a  longitudinal  section  of  a  similar  grain  to 
No.  2,  poUsned  but  not  etched.  A  distinct  structure  is  also  apparent 
in  this  picture. 

Micrograph  No.  4  shows  a  longitudinal  section  of  a  dark  grain  from 
lot  No.  134.  This  specimen  was  polished  in  the  usual  manner  and 
subsequently  rubbed  on  a  broadcloth  pad  saturated  with  ether  and 
alcohol.    This  process  resulted  in  a  soi%  of  pohsh  attack. 

Micrographs  Nos.  6  and  6  were  taken  by  transmitted  light  from 
a  thin  section  of  a  light-colored  grain  from  lot  No.  164.  Tixe  speci- 
men was  0.020  inch  thick,  and  poUshed  on  both  sides.  Micrograph 
No.  6  was  focused  on  the  lower  surface  of  the  section.  MicroCTaph 
No.  6  was  focused  to  get  the  clearest  image.  On  account  or  tne 
thickness  of  the  specimen  it  is  difficult  to  get  a  sharp  image  at  this 
magnification. 

Micrographs  Nos.  7  and  8  were  taken  by  transmitted  light  from  a 
thin  section  of  a  dark  colored  grain  from  lot  No.  134,  prepared  and 
polished  in  the  same  way  as  specimen  No.  6.  No.  7  was  focused  on 
the  lower  surface  of  the  section,  while  No.  8  was  focused  to  get  the 
clearest  image. 


il 


MICROGRAPH  NO.  2. 
M«gnlflc«tIon  75diametBr».    Cross  section  of  llgfit-colofed  aralntrom 
lol  164.     Pollihed  and  not  atctiad.    Spaclmsn  No.  2.     Taksn  ty 
rellectad  lltht. 
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art.    Longltudlnil  gsclion  from  dark-colorsd 
ipaclman   No.  *.    Prepared  by  poliih  atUck 
Taken  by  rsdscted  light. 
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EXAHIVATIOV  OF  GABTKIDOE  BBASS. 

The  following  material  was  received  for  investigation: 

10  cartridge  cases,  unfired  and  split,  made  from  a  reported  bad  lot  of  b^aaa. 
2  pieces  i£eet  brass  from  good  lot. 
2  pieces  sheet  brass  from  bad  lot. 

1  piece  sheet  brass  ahowine  split. 

2  semifinished  cases  aimeaiea  and  water  cooled. 

2  semifinished  cases  annealed  and  air  cooled. 

3  cartridge  cases  fired — primers  dropped  out. 

3  cartridge  cases  fired — ^primers  did  not  drop  out. 
3  cartridge  cases  from  bad  lot  unfired  but  primed. 
3  cartridge  cases  from  bad  lot  unfired  and  unprimed. 
1  sample  of  primer  composition. 

Two  reports  with  accompanying  photomicrographs  were  likewise 
received. 

An  examination  of  the  good  and  bad  lots  of  sheet  brass  was  made 
chemically  and  microscopically.  The  analysis  as  determined  by  this 
laboratory  is  as  follows: 


Good. 

Bad. 

lSSS!'::::::: 

67.04 

Trace. 

.08 

82.72 

66.00 

Trace. 

.10 

32.80 

Iitm 

Zinc 

These  results  are  a  trifle  lower  in  copper  than  those  of  the  reports 
received,  but  the  samples  were  not  the  same.  The  composition  gives 
no  indication  as  to  the  cause  of  the  troubled. 

Microscopic  examination  revealed  nearly  identical  crystalline  struc- 
tures for  the  good  and  the  bad  lots  of  metal.  The  crystalline  struc- 
ture was  a  tnfle  finer  in  the  bad  metal  than  in  the  good,  though  no 
significance  in  explaining  the  present  difficillty  can  be  attached  to 
this  fact.  The  scleroscope  showed  a  hardness  of  25  for  both  lots  of 
metal.  The  universal  hammer  was  used  in  the  instrument  in  making 
all  hardness  tests. 

Microscopic  examination  was  next  made  of  10  cartridge  cases, 
unfired,  from  the  bad  lot;  3  cartridge  cases,  fired,  from  which  primers 
dropped,  and  3  cartridge  cases,  m^ed,  from  wnich  primers  did  not 
drop  out.  These  cartridge  cases  were  all  split  longitudinally  and 
pohshed  on  the  exposed  section.  Hiey  all  showed  the  same  char- 
acteristic structure,  and  no  difference  could  be  detected  between  any 
of  them.  This  characteristic  structure  is  shown  in  photograplis 
1  to  5. 

Photograph  No.  1  shows  quite  plainly  the  structure  visible  to  the 
eye  which  is  developed  by  etching.  This  photograph  is  taken  at 
3^  diameters,  and  the  line  running  from  the  comer  of  the  powder 
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PHOTOGRAPH  NO.  1.    (XH-i 


PHOTOGRAPH   NO.  2.    (X12,) 
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chamber  to  the  comer  of  the  primer  pocket  may  be  readily  seen. 
This  ]ine  is  characteristic  of  all  the  cases  examined,  and  it  consists 
of  a  band  of  badly  strained  metal.  This  band  of  overstrained  metal 
and  the  direction  of  the  lines  of  flow  may  be  seen  in  photograph 
No.  2,  which  is  taken  at  12  diametoa. 

Sketch  Ko.  1  will  perhaps  show  more  cleariy  the  location  and  com- 
parative areas  of  the  overstrained  metal.  '  lliis  sketch  ia  similar  to 
photograph  No.  2,  viz,  a  section  of  half  of  the  primer  end  of  the 
case.    The  shaded  portion  represents  the  strained  metal,  while  the 
unshaded  part  was  not  badly  over- 
worked.   The  comparative  micro- 
scopic appearance  of  overworked 
and  of  annealed  metal  may  be  seen 
by  comparing  photograph  No.  4 
with  photograph  No.  7.    The  for- 
mer is  overworked,  and  we  might 
say  amorphous,  the  latter  is  the 
.normal    crystalUoe  structure  re- 
sulting from  annealing. 

At  the  end  of  this  band  of 
strained  metal  nearest  the  powder 
chamber  there  was  invariably 
found  a  small  crack  starting  from 
the  comer  of  the  powder  chamber, 
and  extending  toward  the  corner 
of  the  primer  pocket.  The  char- 
acter of  this  crack  is  shown  in 
Shotographs  Nos.  3,  4,  and  5. 
OS.  3  and  4  were  taken  at  75 


diameters.  No.  3  before  etching, 
and  No.  4  from  another  case  after 


etching.  Photograph  No.  5  ia  the 
same  as  No.  4  at  higher  magnifi- 
cation, viz,  400  diameters.  This 
crackis  an  actual  separation  of  the 
metal,  probably  a  lap  formed  in 
the  heading  and  pocketing  opera- 
tion when  the  bottom  surface  of 
the  powder  chamber  is  changed 
from  concave  to  flat,  as  shown  in 
photograph  No.  6. 

The  examination  of  these  16 
cartridge  cases  which  were  sec-  «  .  /      */ 

tioned  tiirough  the  head  revealed  0/c«tcft  Af^/ 

the  presence  in  them  all  of  tiie 

above-described  badly  strained  metal  and  incipient  cracks.  It  is  quite 
probable  that  this  condition  is  an  important  factor  in  the  present 
difficulty.  It  would  be  interesting  to  Imow  if  this  condition  of  the 
metal  existed  in  the  cases  made  before  the  heading  and  pocketing 
operations  were  combined.  It  is  helieved  that  if  the  comer  at  the 
bottom  of  the  powder  chamber  were  filleted  slightly  more,  as  shown 
dotted  in  sketch  No.  1,  a  stronger  case  would  result,  and  one  lees 
likely  to  allow  spreading  of  the  primer  pocket. 
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In  connection  with  one  of  the  reports  received,  a  micrograph  was 
submitted,  which  shows  a  streak  across  it.  It  was  su^estea  that 
this  streak  is  a  Une  of  internal  cracks,  probably  prodocedpy  excessive 

Eowder  pressure  during  firing.  In  none  of  the  10  unfired,  nor  the  6 
red  cases  examined  here,  was  such  a  streak  discovered.  However, 
a  somewhat  similar  streak  was  found  in  a  semifinished  case  which 
was  split  longitudinally,  •polished,  and  examined  after  the  third 
draw.  Photographs  No.  7  and  No.  8  show  this  streak  at  75  and  400 
diameters. 

It  is  beUeved  that  this  streak  is  the  result  of  local  segregation  of 
lead,  and  no  evidence  has  been  obtained  at  this  arsenal  that  the 
difficulty  under  investigation  might  be  attributed  to  such  streaks. 
In  this  connection,  regarding  the  statement  made  that  "lead  always 
appears  uniformly  distributed  across  the  face  of  the  crystal  grains 
instead  of  between  the  intercrystalline  boimdaries,"  we  desu^  to 
quote  from  Bengough  &  Hudson's  article  on  the  heat  treatment  of 
brass,^  70-30  alloy,  as  foUows: 

Effect  of  lead, — ^The  presence  of  lead  is  indicated  by  small,  more  or  less  rounded 
particles  scattered  through  the  crystals.  When  brass  containing  lead  has  been 
annealed  at  a  very  high  temperature,  there  is  a  tendency  for  the  lead  to  seeregate 
between  the  crsrstals,  and  this  effect  seems  to  increase  with  the  time  of  annealing. 

As  regards  the  rate  of  cooling  of  cartrid^  brass  from  the  annealing 
temperature,  we  believe  that  variation  m  the  rate  of  cooling  wiu 
make  no  appreciable  difference  in  tensile  properties,  hardness  or 
grain  structure.  In  order  to  determine  exactly  what  effect  there 
might  be,  two  pieces  of  cartridge  brass  from  the  lot  marked  ''good" 
were  heated  to  650^  C.  They  were  held  at  heat  15  minutes,  then  one 
was  quenched  in  water,  the  other  was  air  cooled.  The  tensile  values 
and  scleroscope  hardness  are  appended. 
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Microexaminations  were  made  of  semifinished  cases  which  were 
air  and  water  cooled  after  annealing.  They  showed  practically 
identical  grain  structures.    The  scleroscope  hardness  of  each  was  12. 


1  Jour,  of  the  Inat  of  Metals,  Vol.  4, 1914.    P.  106. 
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In  conneotion  with  the  inquiry  as  to  what  is  the  effect  of  the  oridnal 
temper  of  sheet  cartridge  brass  after  it  has  been  once  annealed,  we 
can  say  that  there  is  practically  no  effect,  provided  the  metal  is  cold 
worked  before  annealmg.  By  cold  working  the  cr^talline  structure 
is  distorted.  The  annealing  allows  lecrystaUization  to  take  place 
and  the  crystal  size  after  annealing  will  depend  primarily  on  the 
temperature  of  the  anneal.  Practically  the  only  thmg  dependent  on 
the  original  temper  of  the  metal  is  the  amount  of  cold  work  which  can 
be  put  on  it  beiore  annealing. 

The  piece  of  sheet  metal  snowing  a  spUt  was  examined  and  photo- 
graph No.  9  was  taken  at  400  diameters. 

Two  cracks  or  spUts  are  visible.  It  is  probable  that  these  were 
originally  blowholes  in  the  ingot  which  failed  to  weld  up  and  became 
flattened  out  in  the  sheet. 

SX7MMARY. 

While  the  definite  cause  of  the  present  difficulty  has  not  been 
surely  discovered,  evidence  has  beenorought  forth  which  shows  that 
the  metal  in  the  head  of  the  cases  is  in  a  badly  overworked  state. 
The  probabilities  are  that  this  condition  has  a  considerable  bearing 
on  the  trouble.  The  metal  has  been  overworked  to  an  extreme  at 
this  point,  and  it  is  recommended  that  steps  be  taken  to  overcome 
this  condition. 

Suggested  methods  for  helping  to  remedy  the  trouble  are: 

(1)  Separate  thg  heading  and  pocketing  operations. 

(2)  Change  the  shape  of  the  powder  chamber  so  as  to  allow  a 
lai^r  fillet  between  the  wall  and  base  of  same. 

(3)  Install  methods  to  insure  acoiu*ate  control  of  time  and  tempera- 
ture in  the  annealing  operations,  ^ 


MICBOSCOPIO  EXAXnrATIOV  OF    CABTBID6E   CASES  AFTBB 
SUCCESSIVE  STAGES  OF  XAVXrFACTirBE. 

m 

Specimens  representing  15  successive  steps  in  the  manufacture  of 
cartridge  cases  were  received.  These  were  split  lon^tudinally, 
polished;  etched  with  ammoniacal  hydrogen  peroxide,  and  examined 
under  the  microscope.  Fhotomicrogramis  were  not  taken,  but  a 
description  of  the  microstructure  in  each  case  is  submitted,  together 
with  photographs  of  the  split  cases  after  etching.  Table  showing 
description  and  photographs  are  appended. 

SUMMARIZING. 

Except  for  the  cases  noted  below,  the  various  operations  seem  to 
be  satisfactory  and  the  condition  oi  the  metal  to  be  good.  In  the 
pocketing  operation  the  bottom  of  the  powder  chamber  is  changed 
from  concave  inward  to  flat,  and  at  that  time  small  laps  or  cracks  are 
found  between  the  wall  and  base  of  the  powder^  chamb^.  These 
cracks  persist  and  even  become  enlarged  during  the*succeeding  opera- 
tions. Steps  should  be  taken  to  prevent  the  formation  of  these  dur- 
ing the  pocketing  operation.  The  cumulative  effect  of  the  cold  work 
done  on  the  metal  during  the  fourth  and  fifth  draws,  the  pocketing, 
the  heading,  and  the  ventingoperations  puts  the  metal  in  tne  head  m 
a  bad  state  of  overstrain.  We  would  recommend  the  introduction  of 
a  1,200^  F.  anneal  after  the  pocketing  operation. 

CONCLUSION. 

The  present  operauons  are  satisfactory  except  that — ^ 
First.  Steps  snould  be  taken  to  eliminate  the  formation  of  a  lap 
or  crack  between  the  wall  and  the  bottom  of  the  powder  chamber 
during  the  pocketing  operation. 

Second.  The  cases  should  be  annealed  at  1,200^  F«  after  the  pock- 
eting operation. 
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I.  Clip  b^(»eBnn«at- 


TtJtly  flne  pialned  acrosa  base,  Crystab  become 
drawn  nit  aiKfiuiicrpliDiis  Bt  sides  vhete  tha  drawing 
was  danc.    Twin  cryaCals. 


I.  Flnrt  draw  b«[are 


Amorpbous  metal  In  sides.    Uedhim  coaise  oystala 

InbBse.sIlglitlyamarpliousaloDgedgei.   Twin  crystals. 


1.  First  diBV  after 


crystals  all  ovw.    Effect  of  odd  t 


S.  Second  draw  after 


llase  medium  coarse  twin  crystals  slightly  miahsd  at 
fmnt  and  rear.  Walls  Oner  crystalline  lending  toward 
amorphotu  nwtal  at  front. 


7.  Third   draw   bill 
□at  bumped  and 


Base  medium  coarse  twiDCryitals.  Walls amnphDus. 
Small  area  in  base  Dear  wall  similar  to  ar«a  described  In 
previous  report,  probably  segneated  lead. 


^ge  of  1 
amnphous. 


I.  Tbtrd    draw,  Uftdhun  to  flns  twin  crrstils  In  haw  uid  walls.    . 

bumped   and  evMenoe  o(  strain  eUmlniuad. 

aaneVled    at 
13.W  F.       <ih 


Base medhtmcoane twin  orritalB.   AmnpliowiraUL 


11.  Filth  drav.     No  Base  nwdliim   coane  twin   ixystalL    Walla 


i.  Htadlng.    No  an- 


u.  FiiTdn|>  a 


amorphous  than  In  10. 


12.  I'ocketlng.  Mo                                                  Metal  bodl;  cold  worked  tniand  pcliiur 
——'-"-""* ' ■"'  and  powdi 

a  corner  of  powder  chunber.    Incipient  oacki 


especially  between  primer  pocket  and  powdtr  <A 
^irrrr.. niBlal  esEeodior '- 


Luie  of  strained  matal  eidcadlog  from  prlmsr  pocket 

.„ .. ig.  chamber.    Incipient  raacki  at 

^baml>4w  extending  toward  primer 


Kecom ^^^    ^^^^ —    ,_ 

lorroatloDOlctack.endalsoBonral  alter  this  oparatko. 


1 


PractloiUy  no  cbange  In  coodltiiKi  ot  m 


Sbowa  strained  matal  and  irack  aa  hi  previous  repcrt. 
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FSIVATE  TESTS. 

Ttiu  made  durift^  the  fiKatt/ear  ended  June  SO,  1915, 


<^unu 


Babbitt.. 
Colimm.. 


Steel 

I    CoDOcett  tmlldlng  blocks. . 

I    Interkck  lug  tiles , 

I    Insper  cube 


I    Column 

<    Cmteretfl  building  bricks... 

WTOOghtlron 

Cement  bricks 

CoBdCtc  buUdlng  block .. . 


Ualleelile  iron  bairel 


I    Columni 

I    DiBftgear 

I    Bricks 

I     Hollow  tlleg 

Concrete  buUdiiig  blocks. . . 


Cement  bulldiiig  blodi. . 


Hallow  tue 

Cailarel«  buUdlng  blocks... 


Italian  hemp  lines 

:     Boilerplates 

Concrete  building  block). .. 

Shockleii, 

Marble  cubes 

Concrete  buUdlng  block . . . 


SaTBMAnnsCo 

Bradtord  FInprooOngO 

A.LTth&ScnsCo. 

RanfoU-Uilltr  Co 


iorlsi._. 

antteiMiAan^.. 

BBTage  Arms  Co 

The  Carpenter  Steel  Co 

Fletcher  4  Crowoli 

United  Steel  Co 

A.  LfthAaonsCo 

Boston  Brick  Co 

SaTBMArmsCo 

R.  W.  Frescott. 

Central  Clay  Produote  Co^ . 


J.U.EIlls£sL 
W.J.Bulllvui 

Barbour-Stockwell  Co. . . 

Erie  Torgp  Co 

Standard  Coupler  Co. . . . 


Potter  A  Jobnston  MikJi.  Co. 
United  States  Column  Co.' !! ! 


Standard  Coupler  Co. . , 


VInchestflr  Concrete  Co. . . 


Central  Cfey  Products  Co 

Nlcol  BertncoJo 

'Winchester  Concrete  Co 

nlusoppeCardone 

fvaterproof  Cement  Block  Co. 

CTBDdall  Engineerlni  Co 

LythTUoCo .T. 

WInchesteT  Concrete  Co 

Waterproof  Cement  Block  Co. 

GluseiroeCardoDe 

Beasle  fifapatrlek 

Giuseppe  Cardono 

The  JJincoln-DUlAway  Co 

Prof.  Chas.  H.  Chase 

Aueu^R.  Behulti 

nScbor&Ctowell 

Vermont  Marble  Co 

Giuseppe  Cardons 

SaTute  Amu  Co 

Louis  Miller 

BaweArmsCo 

J.S.Nelson  &  Son 

■  CouplerCo 


Westfleld.Uass 
Utica.  N.  Y. 
Brad/ord,  Pa. 
Buffalo,  ^.Y. 
Boiton,  Mass. 
CambrUge,  I£k 

mica,  N.  Y. 
Bridgsporl,  CoE 
Cambridge.  Uas 


PorlhuMf,  Me. 
Now  York,  N.  Y. 
BullBlo,  K.  Y. 

Dtl™,(j.Y.' 
Danv-ers,  Mam- 
North  Tonawanda,  N.  Y. 
Bcsbn.Uass. 
Favtuckst,  R.I, 
Somervllle,  Mass. 
Bridgeport,  Conn. 
East  fiiston,  Man. 
BBlem.Uass. 
Woburn.Misa. 
Boatm.Mass. 
Cambridge,  Mas. 
Erte,Pa. 
New  York,  N.Y. 

Do. 

Pawtuoket,  R.  I. 

Cambrl^,  lUts. 
New  York,  N.  Y, 


Winchester,  Mass, 
Brldceporl,  Conn. 
North  Tonawanda,  N.  Y. 
Salem,  Mass. 
WhicbestcT.Uaai. 


Fortland.Me. 

lawreoce,  MtBL 
Utica,  N.  Y. 
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Testa  made  during  (he  fiscal  year  ended  June  SO,  191S — Continued. 


Date. 


1916. 
Jan.     5 
6 

7 

13 

Id 

21 

25 

.      26 

26 

Feb.     1 

3 

4 

6 

12 

13 

16 

24 

24 

24 

Mar.     2 

6 
13 
16 

18 
19 
23 
30 
31 
Apr.  2 
10 

12 
14 
26 
28 
Hay     1 

1 

3 

5 

18 

21 

21 

21 

21 

June    3 

3 

3 

3 

9 

11 

14 

15 

15 

15 

24 
24 
25 
29 

30 


Material. 


Name. 


City  and  State. 


Concrete  building  block 

Steel 

Hooks,  swivels,  and  missing 
links. 

Hollow  tiles 

Concrete-fllled  column 

Hemp  lines 

Steel 

Steel  casting % 

Boilerplate 

Steel 

Concrete-filled  column 

Steel 

Riveted  Joints 

Belting 

.....do 

Steel 

do 

Granite  cube 

Hollow  tfles 

Brick  piers 


Concrete  building. 

Floor  tiles 

Manila  rope 


Hollow  tile 

Concrete  building  blocks. 
Steel 

do.; 

Cement  building  block . . 
Boilerplate 


Steel 

do 

Manila  rope 

Bricks. 

do 

do 

Wire  rings 

Draft  gears 

Brackets  and  cap  on  column. 

Hollow  tiles 

Concrete  building  block 

do 

do 

do 

Cement  building  block 

Concrete  building  block 

do 

Steel 

Sbackles 

Hollow  tiles 

Column 

Concrete  building  block 


Sand-lime  bricks 


Concrete  building  block. 

Cast  iron 

Buoy  shackles 

Flexner 

SteeL 


Waterproof  Cement  Block  Co. 

Savage  Arms  Co 

The  Thos.  Laughlin  Co 


Pennsylvania  Fireprooflng  Co. 
Milford  Iron  Foi 


•ireprooi 
>unary.. 
Mfg.  Co. 


Smith  &  Dove  Mfg. 

Savage  Arms  Co 

Plymouth  Cordage  Co 

Prof.  Chas.  H.  Chase 

Savage  Arms  Co 

Somerville  Column  Co 

National  Tube  Co 

Prof.  Chas.  H.  Chase 

The  Carton  Belting  Co 

do 

Savage  Arms  Co 

Scovfll  Mfg.  Co 

Hillsborough  Granite  Co 

A.  hythdc  Sons  Co 

Littleton  Unit  Brick  &  Tile 
Co.  (Inc.). 

Winchester  Concrete  Co 

H.  L.  Beehler 

Metropolitan  Water  &  Sewer- 
age Board. 

ATLyth  &  Sons  Co 

Louis  Miller 

John  W.  MitcheU 

Scovill  Mfg.  Co 

Halcomb  Steel  Co 

OlsenBros 

International  Engineering 
Works  (Ltd.). 

John  W.  MitcheU 

Savage  Arms  Co 

C.  H.  Cowdrey  Mach.  Works. . 

Great  Northern  Paper  Co 

New  England  Brick  Co 

Building  Department 

Wm.  J.  McCarthy  Co 

Hood  Rubber  Co 

Standard  Cknipler  Co 

United  States  Column  Co 

A.  Lyth^E  Sons  Co 

Ulderico  Rapolli 

Giuseppe  Cardone 

Frank  Dangredo 

Giuseppe  Cardone  &  Co 

Waterproof  Cement  Block  Co. . 

F.  Lundergan 

M.M.Dyer 

Prof.  Albert  Sauveur 

Fletcher  &  (Trowell  Co. 

LythTileCo 

United  States  Column  Co 

New  Bedford  Waterproof  Con- 
crete Building  Block  Co. 

Boston-Berkshire  Composite 
Brick  Co. 

Tony  L.  DispoUL 

Davis  dcFamum  Mb;.  (3o 

Fletcher  &  Crowell  Co 

E.R.Taylor 

Crucible  Steel  Co.  of  Amerk». . 


Salem,  Mass. 
Utica,  N.  Y. 
Portland,  Me. 

Erie,  Pa. 
Milford,  Mass. 
Andover,  Mass. 
Utica,  N.  Y. 
North  Plymouth,  Mass. 
Boston,  Mass. 
Utica,  N.  Y. 
Somerville,  Mass. 
Pittsbureh,  Pa. 
Boston,  Mass. 

Da 

Do. 
Utica,  N.  Y. 
Waterbury,  Conn. 
Nashua,  N.  H. 
Buffalo,  N.Y. 
Boston,  Mass. 

Winchester,  Mass. 
Waltham,  Mass. 
Boston,  Mass. 

Buffalo.  N.Y. 
Salem,  Mass. 
Boston,  Mass. 
Waterburv.  Conn. 
Syracuse,  N.  Y. 
BufWo,  N.  Y. 
Framingham,  Mass. 

Boston,  Mass. 
Utica,  N.  Y. 
Fitchburg,  Mass. 
Bangor,  Me. 
Boston.  Mass. 
Brooklme,  Mass. 
Somerville,  Mass. 
Watertown,  Mass. 
New  York,  N.  Y. 
Cambridge,  "hSasa. 
Buffalo,  N.  Y. 
Maiden.  Mass. 
Salem^JCass. 
West  Watertown,  Mass. 
Lawrence,  Mass. 
Salem,  Mass. 
East  Lexington,  Mass. 
Medford.  Mass. 
Cambriage,  Mass. 
Portland,  Me. 
Buffalo,  N.  Y. 
Cambridge,  Mass. 
New  Bedford,  Mass. 

Boston,  Mass. 

£.  Watertown,  Mass. 
Waltham,  Mass. 
Portland,  Me. 
Boston,  Mass. 
Harrison,  N.  J. 
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Carbon  steel,  effect  oi  duration  of  annealing  on  the  physical  properties  of. 224 
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Grain  size,  effect  or  work  on 257 
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Heat  treatment  of  h3i>oeutectoid  carbon  steel  castizigs,  inv^tigation  of 186 
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Pressure  plug 245 

Screw-box  liner,  14-inch  gun 280 

Steel 24« 
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Pressure  plug,  examination  of : 245 

Private  tests 324 

Rail  metal,  alternate  stress  tests  of 92 
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Manila 66 

Wire 62 

Screw-box  liner.  14-inch  gun,  examination  of  broken 230 

Shrapnel  cases: 
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Carbon,  effect  of,  on  physical  properties  of  heat  treated 204 
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Wire  rope,  tensile  tests  of. 62 

Wood,  truisvQise  tests  of. 70 


O 


I 


